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NPEAVNCNIOBUE

AcTpoHOMUSA — 9TO JpeBHEHINasaA HayKa, KOTOpasa U3y4yaeT O0hLEeKThI 1 SBJIe-
HusA, HabJ0maemMble Bo Beemennoii. TaiiHbI HeOa IMPUBLIBAIOT YEJIOBEUECKUH pa-
3YyM K Pas3MBIIILICHUIO ¥ HMCCJIETOBAHUIO (DM3MUECKOT0 MUpPA. ITOT 0e3rpaHNUHbIN
¥ TIOCTOSTHHO MEHSIONMiica MUp Mbl HaskiBaeM Bcenennoii. ITorsarue «Bcesen-
Hasg» BKJIIOUAET B ce0sa 1 3emurro ¢ maaneramu CosHedyHoM cucteMbl, 1 CosHIle,
U IpyTue 3BE3AbI, TAJIaKTUKI, U CPedy, B KOTOPOH oHM HaxogaTcsa. Harma mia-
HeTa 3eMJid, a 3HAUUT, U MBI BMECTe C Hell ABJIAeMCs 4acThbio 3Toll BecesleHHOM.

Jltomm Bcerga CTpeMUJINCH IMOHATH IPUPOAY HAOJMIOZAEMBIX O00BHEKTOB U
SABJIEHU, IIO3TOMY CTPOMJIN KAPTHUHY OKPYKAaOIIero MX MHPa B COOTBET-
CTBUH C TEMHU JAaHHBIMHU, KOTOPLIMHU pacmoJiaraju. IlocTemneHHO MOABIAINCD
HOBBIe (paKThl U TEOPUU, OTKPHIBAJIACHE BO3MOYKHOCTEH IIPOBEPKU JTUX HAeH
yepes HAOMIOAeHUS U M3MEPeHUs C MCIOJNb30BaHMEM JOCTUKEHUI CMEyKHBIX
¢ acTpoHoMueil HayK (0oco0eHHO QUIUKM), OJaromaps ueMy KapTUHA B3TJIA-
IOB Ha MUP YTOUHSAJACH U M3MEHAJIACD.

B Harre BpemMsa acTpOHOMUS HCIIOJIbB3YET BCE 00Jiee COBEPIINEHHYIO HaOJIIO-
IaTeJibHYI0 TeXHUKY. CoBpeMeHHbIe NIPUEMHUKN M3JIYUYEHUS IepefaloT HH-
dopmMamuio HemocpeaCTBEHHO B KOMIILIOTEPDHI.

Hab6aiomennsa BeAyTCs B PA3/JIMUYHBIX AUATA30HAX DJIEKTPOMATHUTHOTO U3JIY-
YeHUs: paguoaranasoHne, nHppaKpacHOM, BUAUMOM, VJILTPa(pUOIeTOBOM, PEHT-
TeHOBCKOM M ramMma-iydax. OTKPBITHI HOBBbIe OOBEKTHI (IIyJIbCaphbl, KOPUUHE-
Bble KapJUKH), BEIABICHBI HEOKUIAHHBIE CBOCTBA Y MHOTHX YK€ M3BECTHBIX
TeJI, CO3MAHBI YCJIOBUA IS IPAMOT0 MCCIeIOBaHUA pAga 00beKkToB ComHeUHO
cucTeMsl 1 T. . 1 ueM GOJIbIlle ACTPOHOMBI COIPUKACAIOTCA C HEeM3BECTHLIM U
OTKPBIBAIOT HOBOE, TeM OOJIbIIIe MOSBJISETCS BOIIPOCOB, TPEOYIOIITUX pasperrre-
Hus. CoBpeMeHHas aCTPOHOMIS M3yUaeT BechbMa JaJIEKNe KOCMIUYeCKIe 00beK-
ThI, ¥ BMECTE C TeM OHA He OTOpBaHAa OT 3eMJiu. [[JIs dyesioBeuecTBa BAKHO WC-
cJemoBaTh aKTUBHOCTL COJIHIIA U eT0 BINAHNE HA 3eMHBIE IIPOIIECChl, OTBETUTD
Ha PAJ BOIIPOCOB: €CTh JIM KM3HL HA APYIUX ILIaHeTaX, KaK KoCMHUUecKUe (pak-
TOPBI BJAUSAIOT Ha CYIIIEeCTBOBAHNUE JKU3HU Ha 3eMJie U Op.

IIpodeccrnoHAIBHBIX ACTPOHOMOB B MHPe 3HAUUTEJIBHO MeHbIIle, ueM (Pu-
3UKOB, XMMHKOB, OMOJIOTOB, MATEMATHUKOB U IIPeACTABUTEJell APYruX HaVK,
HO 3aTO BO BCe BpeMeHa OBLIJI0O MHOTO JIOOuTelell, aKTUBHO HAaOJIIOZAIONINX
3BE31bl U IIJIaHeThl. IlepBoHauaIbHOE 3HAKOMCTBO C ACTPOHOMMUEH B IIIKOJIE
IIOMOJKeT HOJIYYUTh HeOOXOAUMbIe CBeIeH!s 1 IIPeACTABIeHUI 00 9TOM Ipes-
Hell, HO BeUHO IOHOI M pPa3BUBAIOIIENCsa HayKe.



Paspen |

BBEAEHWE

§ 1. NpepmeTt acTpoHOMUN

1. Yto msyuaert actpoHomusa. Jlrogu magaBHa MHITAJIUCHh PasrafaTh TaWHY
OKPYJKaIoIero MUpa, OMpPeIenuTh CBOE MECTO B MHPOBOM IOpAnKe Bceiem-
Hoii. YesoBeK ImpUCTAaIbHO HaOJIOAAT 3a BocxomamMu u 3axoxamu Coimiia, 3a
mopAaKOM cMeHbI (a3 JIyHBI, 3a IBU:KEHUEM IIJIaHeT CPeAu 3BE3Md. JIIomau IIbI-
TaJuCh IOHATH 3aKOHOMEPHOCTh HeOEeCHBIX SIBJIEHUI M pasrajaTh UX CMBICJ.
W3 sTux pasMbINLIeHUN Yepe3 MUMOJIOTHI0 U (PUIOCOPUIO IOCTEIIEHHO POXK-
aJIOCh €CTeCTBEHHO-HAYyUHOEe 3HaHUe.

AcTtponomusa (rpeu. dstron — 3Be3ga, CBeTUJIO, nOM0OS — 3aKOH) — (QyH-
IaMeHTaJbHas HayKa, U3ydalollas CTpoeHue, IBUKeHNe, IPOUCXOKIeHne 1
pasBuTHe HeGECHBIX TeJ, UX CHUCTeM U Bcell BcesleHHOIT B 1ieI0M.

AcTpoHOMUA KaK HayKa — BaKHBIN BUJ YEJIOBEUECKOU AeATeILHOCTHU, JAl0-
UM CUCTEMY 3HAHUI O 3aKOHOMEPHOCTSX B PasBUTUM Hpupoabl. Ilens acTpo-
HOMUU — M3YUYUTH IPOUCXOKIEHNE, CTPOeHUE U 9BOJIIONNI0 BeceleHHOI.

Ba:xHBIME 3amauaMy aCTPOHOMUHU SIBJISIOTCS OO0BSCHEHNE U IIPOTHO3UPO-
BaHNE aCTPOHOMHUECKUX SABJIEHUH, TaKUX, KaK COJHEUHbIe W JYHHBIE 3aT-
MeHUsA, MOABJIEHNEe MePUOAUUYECKHX KOMEeT, IIPOXOoiKIeHue BOIu3u 3eMJu
acTepoua0B, KPYIHBIX METEOPHLIX TeJ WU AAep KoMeT. ACTPOHOMUS 3aHU-
MaeTcA usyueHueM (PU3UUYECKUX IPOIECCOB, MPOUCXOAANINX B Heapax ILIa-
HeT, HA IOBEPXHOCTH U B X aTMocdepax, YTOObI JyUIlle IOHATb CTPOCHNE U
9BOJIIOIMIO HaIllel IJIaHeThbl. BoceMb OOJbINMUX IJIaHeT (cpeiu HUX 3eMJis),
KapJuKOBbIEe IIJIaHEeThl, UX CIIYTHUKH, aCTepPOUABLI, MeTeOpHbIe Tesa, KoMe-
THI, MeXKIIJIAaHEeTHAsA MBLIb U I0JIeBble (popMbl MaTepuu BMmecTe ¢ CoJrHIleM co-
CTaBJIAIOT I'PAaBUTAIMOHHO-cBA3aHHYI0 ConmHeuHyio cuctemy. McciemoBaHue
IBUKeHUA HeOEeCHBIX TeJI I03BOJISET BLIACHUTL BOHPOCH ycroituunBocTu CoJr-
HEUYHOM CHCTEMBbI, BePOATHOCTHU CTOJKHOBEHUA 3EeMJIN C aCTEPOUIaMU U AApa-
Mu KoMmeT. He TepsieT aKTyaJIbHOCTH OTKPBITHE HOBBIX 00beKTOB COJTHEUHO
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cHuCTEeMBbl 1 M3yUYeHNe X ABUKeHHA. Ba)KHO 3HAHME IPOIECCOB, IPOUCXOMA-
mux Ha CoJHIle, M IPOTHO3UPOBAHNE UX JaJbHEHIIEero pasBUTUSA, TaK Kak
OT 3TOT'0 3aBHCHUT CYIIECTBOBAHMIE BCEro XuBOro Ha 3emue. M3yueHue 3BO-
JIOIUN APYTIUX 3BE3M 1 cpaBHeHue ux ¢ COMHIIEM IIOMOTalOT MO3HATEH STAIILI
pasBuTusa Haiero CeeruJa.

WccaepoBanue Hameil 3BE3AHON ["alaKTHKY U IPYTUX FaJaKTUK II03BOJIA-
eT OIpPeIeuTh eé TUII, SBOJIOINIO, MeCTO, 3aHnuMaeMoe B Heli CoHeUHOU cu-
CTEeMOM, BEPOATHOCTDL OJIM3KOT0 HPoxokAeHus oT CoHIIA APYTUX 3BE3M MU
npoxokaeHusa CoiHila uepe3 MeK3BE3MHBIe 00JIaKka ra3a 1 IIBLIU.

HUrak, acTpoHOMUS M3yUaeT CTPoeHue u sBosionuio Beesmennoii. ITox repmu-
HOM «BcesieHHasi» IMOHMMaeTCs BCsA HaOIogaeMas 00JIacTh IIPOCTPAHCTBA, BKJIIO-
yaromiad B ce0A JOCTYIIHbIE IJIA U3YUeHUA HeOecHbIe TeJa M UX CHCTEMBbI.

2. Bo3HMKHOBeHMe acTpoHomumn. ACTPOHOMUS BO3HHKJIA B TJIYOOKOI
IpeBHOCTU. MI3BECTHO, UTO eIé MepBOOBITHLIE JIIOAMW HaOJIIOTAIU 3BE3MHOE
HeOO M 3aTeM Ha CTeHaX IIeIlep PHCOBAJHU TO, UTO Buiaeau. HalOimomgeHue
3BEé3gHOr0 Heba (hOPMUPOBAJIO CAMOTO UeJIOBEKA KaK MBICJIAIIEEe CYIIEeCTBO.
ITo mepe pa3BUTHA UEJOBEYECKOTro OOIIEeCTBa, C BOSHUKHOBEHHEM 3eMJele-
JUS TOSABUJIACh HOTPEOHOCTH B CUETEe BPEMEHU, cos3maHmu KayeHpapsa. Ilogm-
MeUeHHbIe 3aKOHOMEPHOCTH B IBMKEHUU HEOECHBIX CBETHJI, M3MEHEeHUU BuIa
JIyHBI TO3BOJIMJIN APEBHEMY YeJOBEKY HAWUTH U OIPENEeJIUTh eIUHUIIBI CUETA
BpeMeHU (CYTKM, MECAIl, I'0J) U CO3MaTh KaJleHIapb, IPOHU3LIBAIOIIUI BCIO
KYJIbTYPHYIO U XO3SHUCTBEHHYIO JKU3HBL obmiectBa. Tak, B IpeBHem Erum-
Te IO MOSABJEHHUIO Ha IpedyTPeHHeM Hebe spuaiiiineii 3Be3abl CUpPUyC K pelrsl
IpeACcKa3bIBa MepPUOdbl BeCEHHUX PasauBoB Huia, ompenensaBIINX CPOKU
seMmiieeabueckux pabor (puc. 1). B ApaBuu, rie u3-3a JHEeBHOI Kapbl MHO-
rue paboOTHI IIEPEHOCUJINCH HAa HOYHOE Bpe-
Ms, CYIIECTBEHHYIO POJib UI'pajo HabJrome-
Hue pas3 JIyHbI.

B cTpanax, rae GbLIO Pa3BUTO MOpeILIa-
BaHMe, B 0COOEHHOCTHU 0 M300peTeHusI KOM-
maca, ocoboe BHUMaHUE YAeJIAJIOCH CIIOCO-
0aM OpMEHTUPOBAHUSA II0 3BE3TAM.

B caMbIXx paHHUX IHMCHbMEHHBLIX IOKY-
MeHTax (3—2-e THIC. OO H. 3.) IPEBHEHITNX
nusuausanuii Erunra, Basuiouna, Kurasa,
Wannm u AMepuKHN MMEIOTCS CJeIbl acTpo- PucyHok 1 — HabniogeHne
HOMMUYECKOH [IesATeJbHOCTH. B pasjauuYHLBIX  npeayTpeHHero Bocxoga Cupuyca
MecTax 3eMJH HaXOAAT COOPYKEeHUS U3 B [lpesHem Mrunte
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KaMeHHBIX TJIBIO M 00paboTaHHBLIX CTOJIOOB,
OPHMEeHTUPOBAHHBIE Ha aCTPOHOMHYECKU 3HA-
YMMBbIe HAIPaBJIeHUA. T HAIPABJICHUSA CO-
BIAJAI0T, HAIIpUMepP, ¢ TOUKAMH BOCXOZa
CoJHIIa B JHYM PABHOAEHCTBUM M COJIHIIECTO-
SAHUM, YTO IO3BOJIAET CUNTATh UX APEBHUMU
ACTPOHOMUYECKUMH HAOIIOAATEIbHBIMU ILIO-
magxkamu. Ilogo0HbBIe KaMeHHbIe COJIHEeYHO-
JYHHBIe yKasaTeau HalimeHbl B HOKHOI
Aurmuu — Croyaxeumx (puc. 2), B8 Poccuu
Ha IO:xHOM Vpame — ApkauM — U IPYTHUX
MecTax.

PucyHoOK 2 — CTOYHXEHIX —
APEBHAA acTpoOHOMMYecKas
HabnlopaTenbHaA nnowagka

3. Paspenbi actpoHomun. Kak u nrobas apyras HayKa, aCTPOHOMUSA BKJIIO-
yaeT pAl pasfesioB, TeCHO CBI3BAHHBIX MeXKAy coboi. OHM OTIHMYAIOTCA APYT
OT Apyra IpeaMeTOM HCCJIeIOBAHUNA, a TaKyKe MeTOJaMH U CPeACTBaMHU II0-
3HAHUA.

PaccMoTpuM BOSHUKHOBEHNE U PA3BUTHE Pa3lesioB aCTPOHOMHUHU B MCTO-
puueckoM acmnekTe. IIpaBuiabHOEe HayuyHOE IIPEACTABJICHHE O 3eMJe KaK He-
becHoM TeJsie TOoABUJIOCH B JlpeBHel I'permu. AJeKcaHIPUHCKUI acTPOHOM
Iparochen B 240 r. 1o H. 3. BecbMa TOYHO OIPEAEJUJ IO HAOJIIOIeHUAM
CoaHIla pasMephl 3eMHOTO Ifapa. PasBuBalomimecsa TOPTOBJIA U MOpPeEILIaBa-
HHUe HYXIAJINCh B pa3paboTKe MeTOIOB OPUEHTAIINHU, OIpeAesIeHUM reorpa-
(duUeCcKoro moJoKeHnsd HaOJIIOLATE A, TOUHOM M3MEePeHUN BPEeMEeHU HCXOIsd
W3 acTPOHOMHUUYECKUX HaOiomeHuii. PellleHreM 9THX 3ajau cTaja 3aHUMATE-
Ccs MpaKTHYeCKas aCTPOHOMMA.

TenmuomnmenTpuueckas cucrema mupa Hukomas
Komepuuka, usiaoxxenHas B Tpyne «00 obOpalmeHu-
Aax HebecHBIX cdep» (1543), mama KUY K II03HA-
Huio Beemennoii. OgHAKO BeKaMU YKOPEHUBIIIEECS
MHEHHNe 0 HeIOoABU:KHOI 3eMJjie Kak IeHTpe Bce-
JIEHHOH MOJITO He YCTYHaJI0 MecTa HOBOMY yUeHUIO.
OKoOHUATeJIbHO yTBepAUJI Teopuio KomepHuKa, mo-
JyunB 0eCCIOPHBIE TOKA3aTeJIbCTBA €€ UCTUHHOCTH,
UTAIbAHCKUNA (U3UK, MeXaHuKk u acTpoHoMm Ilaau-
aeo lamuneii. AcTpoHOMUUYeCKHe OTKpBITHA I'amu-
Jieg OBLIM CIeJIaHBLI ¢ IIOMOIIBIO ITPOCTEHINero Teye-
Hukonai KonepHuk crona. Ha Jlyne yuéHbIll yBUZeJ TOpbl U KpaTephl,

(1473—1543) OTKPELT ueThIpe cunyTHuKa IOmnurepa. O6Hapy:KeH-
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Fanuneo Manunen WoraHH Kennep WUcaak HbloToH
(1564—1642) (1571—1630) (1643—1727)

Has UM cMeHa (a3 BeHepnl cBUAeTeIHCTBOBAJIA O TOM, UTO 9Ta ILJIaHeTa 00-
partaercsa BoKpyr CoJiHIIA, a He BOKPYT 3eMJIH.

Cospemennuk I'ammunesa Moramn Kemaep (0yaydum acCHCTEHTOM BeJIHKO-
ro acrpoHoma Tuxo Bpare) moayuyms ZOCTYyOD K BBICOKMM II0 TOYHOCTU pe-
3yJabTaTaM HaOJIOAeHUI IIJIaHET, IPOBOAMBIINXCS B TeueHHe 0ojee ueM
20 mer. Ocoboe BuuMaHme Kemmepa npuBiaék Mapc, B ABMMKEHUUH KOTOPO-
ro O0HAPYKUJINCH 3HAUUTEJIbHBbIE OTCTYILJIEHUS OT Mpe:XKHUX Teopuii. Ilo-
cjie NJINTEJbHBIX BLIYNCJIEHUN YUEHOMY YAAJIOCHh HAUTH TPU 3aKOHA IBUMKE-
HUS TJIaHET, KOTOPbhIe ChITPAJIU BaKHYIO POJIb B PA3BUTHUU MIPeACTaBIEHUN 00
ycrpoiictBe ColHeUHOU cucTeMbl. Pasmes acTPOHOMUU, M3YUAIOIIUI IBUMKE-
HMe HeOeCHBIX TeJl, IMOJYyUnJ Ha3BaHUe HeOecHOl MexaHMKH. HebecHasa mexa-
HUKAa M03BOJINJIA O0OBACHUTh U IPEJBAPUTENHLHO BLEIUKUCINTDL C OU€Hb BHLICOKOM
TOYHOCTBHIO IIOUTH BCe ABUKEHM:A, Habmogaemble Kak B ColHEUHO# cucreme,
Tak U B l'ayaKkTuKe.

B acTpomoMmuecKkux HAOJIOAeHMAX HCIIOJb30BAJNCh BCE 0oJiee coBep-
IIIeHHbIe TeJIECKOIbI. 3puTeabHasa Tpyba "annies Obliaa ycoBepIlIeHCTBOBAaHA
Kemnepom, a sarem Xpuctuanom I'toiirencom. Mcaax HboTOH u300pEn HO-
BBIH BUJ TeJlecKoma — TejecKoI-pedaekTop. C IIOMOILI0 MOIePHU3UPOBAH-
HBIX OITHUYECKUX IIPUOOPOB OBLIIU CAeJAaHBI HOBBIE OTKPBLITUS, IIPUUYEM OT-
HOcAIIeCcs He TOJbKO K TenaM CoJIHeUHOU CHUCTeMBI, HO M K MUPY CJAOBIX
u gajexux 3Bé3n. B 1655 r. X. T'roiirenc pasriaamea xoabila CaTypHa M OT-
KpbL1 ero cuyTHUK Turan. B 1761 r. M. B. JIJoMOHOCOB OTKPBII aTMochepy
y Bemepnl u mpoBés mcciaenoBaHue KoMer. [IpraumMas 3a sTaaoH 3eMJI0, yué-
HBIe CpaBHUBAJIU €€ ¢ APYIUMH ILIaHeTaMHU U coyTHUKaMmu. Tak 3apokmgaiach
CpPaBHHUTEJbHASA IJIAHETOJJOTHA.
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OrpomMHBIE U BCE yBEJIMUUBAIOIINECA BO3MOYKHO-
CTU M3YUYeHUA (PU3UUECKON ITPUPOALI U XMMUYECKOTO
cocTaBa 3BE3M IIPEIOCTABUIO OTKPBLITHE CIEKTPAJb-
Horo aHaausa (1859—1862). letaabHble MCCIEIOBA-
HUA TEMHBLIX JuHUNA B cnekTpe CoJIHIIA, BHIIOJHEH-
Hble HEMEIKUM YUYEHBIM I7Iose(1)0M dpayrrogpepom,
CTaJIM IEePBBIM IIIArOM B IIOJYUYEHUU CIEKTPaTIbLHOM
nH(popManuu o HeOeCHBIX TejlaX. BrIcTpoe pas3Bu-
THe JIaboPATOPHOI CIEKTPOCKOINU U TEOPUU CIIEeK-
TPOB aTOMOB I MOHOB HA OCHOBE KBAHTOBOM MeXaHU-
KU IIPUBEJIO K PA3BUTHUIO (PUBUKYU 3BE3] U B IIEPBYIO
ouepenb (PUBUKU 3BE3THBIX aTMOCheEp.

B 60-e rr. XIX B. cneKTpaJbHLII aHaJInu3 CTAHO-
JTOMOHOCOB BUTCS OCHOBHBIM METOIOM B M3yueHUU (pU3UUECKOI
(1711—1765) IpUPOAbI HEOECHBIX TeJl. Pasnes acTpPOHOMUU, U3Y-

yaromuii GpusnvecKre ABJIEHUSA U XUMHUUECKIEe IIPO-
IecChl, IPOUCXOAAIINE B HEOECHBIX TejlaX, UX CUCTeMaX W B KOCMHUYECKOM
IPOCTPAHCTBE, HA3LIBAETCA aCTPO(PU3NKOM.

HanbpHelIIee pa3dBuUTHE aCTPOHOMUU CBA3aHO C YCOBEPIIEHCTBOBAHUEM
TeXHUKU HaOJIogeHuii. Bojbliie yciexXu JOCTUTHYTHI B CO3AAHNUN HOBBIX TH-
OB IPUEMHUKOB U3JIYUeHUsA. POTOIIEKTPOHHBIE YMHOMKUTEIN, 3JIEKTPOHHO-
onruyeckue npeobpasosarenu, [I3C-maTpuib! (IpuOOPLI ¢ 3aPsIA0BOH CBA3LIO)
HOBBICUJI TOYHOCTH W YYBCTBUTEJIBHOCTH (DOTOMETPUUECKUX HAOJIIONeHUN U
emié 0ojiee pacIIMPUIN CIEKTPAJbHBIA AUANa30H PEeTUCTPUPYEMBIX H3JIyde-
Huii. Crajg JOCTYIHBIM OJd HaOJIOJeHWH MUpP SAJIEKNX TAJIaKTHK, HAXONd-
MIUXCS HA PACCTOAHUYN MUIJLIMAPIAOB CBETOBBLIX JieT. BO3HUKJIM HOBLIE HAIIPaB-
JIEHUSI aCTPOHOMMUMU: 3BE3MHAS aCTPOHOMMUS, KOCMOJIOTUSI U KOCMOT'OHHUSI.

Bpemenem 3aposkgeHnsT 3BE3THOM ACTPOHOMUU IIPUHATO cuuTaTh 1837—
1839 rr., xorma HeszaBucuMo B Poccum, 'epmanuu m AHriauu ObIIN IIOJTY-
YeHbI IIEPBLIE PE3YJbTATHI B OIPEAESIEHUMN PACCTOAHUM M0 3BE3N. 3BE3THA
aCTPOHOMUS M3YyUaeT 3aKOHOMEPHOCTH B ITPOCTPAHCTBEHHOM pacipeaesieHun
U IBM)KEHUM 3BE3J B Halllell 3BE3AHOI cmcTeMe — lajlaKTuKe, HCCIELYyeT
CBOIICTBa W pacipefeieHre IPYTruX 3BE3THBIX CHCTEM.

Kocmomgornsas — paszes acTpOHOMMUY, MU3YUAIOIIUM IIPOUCXOKIeHNE, CTPO-
eHUe W DBOJIIONNI0 BcesleHHOI KaK e€IWHOTO IeJIoT0. BBEIBOABI KOCMOJIOTHHU
OCHOBBIBAIOTCSA HA 3aKOHAX (GpM3WKMU U JaHHBIX HaAOJIIOJATEIbHOM aCTPOHOMIHI,
a TaK’Ke Ha Bcell cUCTeMe 3HAHUHN OIpeles€éHHON smoxm. VMHTEHCUBHO 3TOT
pasmes acTPOHOMUM CTAJ Pa3BUBATLCSA B IMepBOil mosoBuHe XX B. IOCJE pas-
paboTKu; OO0IIell TeOPHUM OTHOCUTENBLHOCTH AJLOepTOM JUHIIITEHHOM.

Munxann BacnnbeBny
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Kocmoronus — paszges acTpOHOMMM, M3YUAIOIINN TPONCXOMKIEHNE U Pas-
BUTHE HeOECHBLIX TeJI 1 UX cucTeM. IIOCKOJIBLKY BCe HeOeCHBIe Tejla BO3HUKAIOT
U1 Pa3BUBAIOTCA, UAeU 00 MX 9BOJIOIIMU TECHO CBA3AHLI C IPEACTABJICHUIMHI O
mpupoje 3Tux Tes Boobirne. IIpu uceaeqoBaHUM 3BE3 U TAJAKTUK HCIIOJIL3Y-
I0TCA Pe3yJabTAaThl HAOMIOAEHNI MHOTHUX CXOTHBIX 00bEKTOB, BO3SHUKAIOIINUX B
pasHoe BpeMs W HAXOAAIIMXCA Ha Pa3HBIX CTAAUSIX Pas3BUTUA. B coBpeMeH-
HOII KOCMOTOHUMU IIMHUPOKO IIPUMEHAIOTCA 3aKOHLI GU3UKU U XUMUMH.

Kocmorounueckue rumotessl X VIII—XIX BB. Kacaiuch IJIaBHBEIM 00pasoM
mpoucxokaeHnss CoTHeUHOM cucTeMbl. 3aTeM PasBUTHE PU3UKKU U acTPOPU3u-
KU IIO3BOJIMJIO IPUCTYIIUTDL K CEPHEZHOMY U3YUEHUIO IPOUCXOMKIACHUSI U Pa3BU-
Tua 38€31. B 60-x rr. XX B. HauaJI0Ch MCCJIEeIOBaHNIE IPOUCXOMKICHUA 1 PA3BU-
THA TAJIAKTUK, IPUPOLA KOTOPEIX ObLIa BbICHeHA TOJLKO B 20-x rr. XX B.

4. ActpoHomuyeckne HabnwpeHnsa. OCHOBHBIM CIIOCOOOM HCCJIELOBAHUS
HeOeCHBIX O0OBEKTOB M ABJIEHUUN CIYXXKaT aCTPOHOMHUUECKIe HaOJI0JeHMd.
AcTpoHOoMHUYecKHe HAOJMIOMEHUA — 9TO IieJIeHAlIpaBJIeHHASd M aKTUBHASA pe-
rucrpanusg nHGopMaInunl O IpoIeccax M ABJIEHUIX, IMPOUCXOIAIINX BO Bce-
JenHoi. Takue HabGIIOAeHUA BBICTYIIAIOT OCHOBHBIM MCTOUYHMKOM 3HAHUH Ha
SMIIMPUUECKOM ypPOBHE.

Ha mpoTsa)keHMUN ThICAUYEJIETHII aACTPOHOMBI M3yUaJM IIOJIOMKeHue Hebec-
HBIX O0'BEKTOB Ha 3BE3THOM HeOe M UX B3aMHOEe IepeMeIlleHre C TeueHUeM
BpeMeHnu. TouHbIe M3MEPEHU MOJOMKEHNH 3BE3M, IIJIaHeT U APYTuX HeOeCHBIX
TeJ AT MaTepHuaJl AJA OlpeaesieHUs PACCTOAHUM OO0 HUX W WX Pa3MepoB,
a Tak’Ke OJIg M3YUEeHUS 3aKOHOB UX ABU:KeHUA. PesyabTaTaMu yriIOMepPHBIX
U3MepPeHNnii MOJb3YIOTCA B IPAKTUUYECKOl acTPOHOMMUM, HeOeCHON MexXaHUKe,
3BE3THOUM ACTPOHOMUM.

Hnsa mpoBefeHUA aCTPOHOMHUUYECKUX
HaOJIOgeHnll 1 UX 00pabOTKH BO MHOTUX
cTpaHaX CO3JaHbI CHeluaJbHbIe HAYUHO-
HcclIefoBaTeAbCKUE VUYPERKICHUT —
ACTPOHOMHYECKHNE 00CepBaATOPHUH.

JJ1s BBITTOMTHEHUS ACTPOHOMHYECKUX
HaOMOgeHnT n 00pabOTKM IMOJYYEeHHBIX
IAaHHBIX B COBPEMEHHBIX 00CepBaTOPHUIX
HCIIOJb3YIOT HAbJI0aTeIbHbEIe NMHCTPYMEH-
TEI (TEJIECKOIILI), CBETOIIPUEMHYIO 1 aHAJIN-

PucyHok 3 — Cambliii 60nbLuoii
SUPYIOIIYIO alllapaTypy, BCIOMOTraTeIbHbIe ONTUYECcKUIi Teneckon B Poccnn:
Opubophl AJisg HAOJIIOAEeHWUI, dJeKTPOHHO- BonbLuoii Teneckon

BBEIUKCJIUTEJIbHYIO TEXHUKY U Op. (puc. 3). AnbT-A3umyTanbHblii (BTA)
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OnTuyecKkue TeJEeCKOIbI CIYKAaT JJIs CO-
OMpaHUsSA CBETA HCCJIEIYeMbIX HeOeCHBIX TeJl
U TOJYyUeHUS UX m3o0pakeHus. TeaecKol
yBeJWUUBaAET YroJl 3peHUusA, IMOJ KOTOPBIM
BUAHBLI HeOecHbIE TeJsia, U coOMpaeT BO MHO-
ro pas 0oJibIlle CBeTa, MPUXOJAIIET0 OT CBe-
THUJIa, YeM HEBOOPY:KEHHBIN rJia3 HabJona-
Tesid. Biarogapsa aToMy B TEJIECKOII MOYKHO
paccMaTpuBaTh HEBUAUMbBIE ¢ 3eMJIU AeTaIu
IMOBEPXHOCTU OJMMKANIINX HeOEeCHBIX Tell,
a TaKiKe MHOXKECTBO CJIa0bIX 3BE3/I.

. ITocne Bropoit MmupoBoit BOMHBEI Hauaja

PucyHok 4 — 100-MeTpoOBbIii 6 v _

paavioTeneckon o6cepBaTopuy YPHO pas3BUBATHCS pz.i‘,uno@nsmca. coBep

MpuH B3HK (CLUA) IITeHCTBOBAHHELIE IIpI/IeUMHI/IKI/I, AHTeHHBI U

OCTaBIIIHECs IIOCJe BOMHBI PagNOJIOKATOPHI

MOTJIM NPUHUMATL paguousiyudenue CoHIIA U JAJTEKUX KOCMUYECKUX 005-

exToB. TaKk BO3HUKJIA PAAMOACTPOHOMHUA — OJHA M3 BETBEH acTpopU3UKU.

Bregpenue pagmnonabiaiofeHuit B acTpoHOMEuIo (puc. 4) o60oraTuao e€ MHOMKe-
CTBOM BBIJAIOIIUXCS OTKPBITUH.

HosbiM mMOyabcOM B PasBUTHUU ACTPOHOMUYECKUX HAOIIOOEHUU SBUJICSA
BBIXOJ KOCMHYECKHUX allllapaTOB U uUejioBeKa B KocMmoc. Hayumbie mpubopsl u
TeJIECKOIIbI, YCTAHOBJIEHHBIE HA KOCMUYECKHUX alllapaTax, IIO3BOJUIU HCCJIe-
IOBaTh yJIbTPa(mroIeTOBOE, PEHTTEHOBCKOE 1 raMmMa-usiayuenue CosrHma, apy-
TUX 3BE31 U rajJlakTUK. ITU HaOJIOJeHUs 3a ImpefeaMu 3eMHON aTMocdepsl,
IOTJIOIIAIOIell KOPOTKOBOJHOBOE M3JIyUeHNe, HeOObBIYallHO PACIIUPUIN 005"
éM mH(GopMAaIUU 0 (PUBUUYECKOH MPUpPOoAe HeOeCHBIX TeJ U UX CUCTEM.

5. 3HaueHme acTtpoHomuu. Bo Bce BpeMeHa acTPOHOMMUS OKas3bIBaja 0OJILIIIOE
BIMSHNE HA IIPAKTHUUYECKYIO HesATeJHHOCTh UeJO0BEKAa, HO IVIABHOE e€ 3HaueHUe
3aKJII0UAJIOCh M 3aKJa0uaeTcd B (hOPMUPOBAHMYN HAYUHOI'O MHPOBO33PEHUA. ITO
MOXKHO IIPOCJIEIUTh, PACCMATPUBAS PA3BUTHE OTAEJIbHBIX PA3AesI0B aCTPOHOMIM.

MeTonbl OpUEeHTHPOBKI, paspabaThiBaeMble IIPAKTUUYECKON ACTPOHOMIU-
eli, IPUMEHSAIOTCA B MOPeIJIaBaHUM, aBUAIlNN U KOCMOHAaBTHUKe. TpeboBanusa
K TOYHOCTH OIpeJesieH!s KOOPAUHAT HeOeCHBIX 00BEeKTOB (3BE31, KBa3apos,
OyJIbCAapOB) 3HAUUTEJIbHO BO3POCIU B CBSI3U C Te€M, UTO II0 HUM OPUEHTUPY-
IOTCA KOCMUUYECKNe aBTOMATHYECKNE alllapaThl, CKOPOCTH KOTOPBIX M IIOKO-
pseMble PacCTOSHNS HECOM3MEPUMLI C 3eMHBLIMI. B CBA3KM ¢ OCBOEHMEM TeJl
CosHeuHOII CHCTEMBLI BO3HHKAET HEOOXOAMMOCTH COCTABJIEHUS MOAPOOHBIX
Kapt Jlyasl, Mapca, Benepsr.
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PaboTa ciy:x0bl BpeMeHU TaK:Ke CcBA3aHa ¢ acTpoHoMueii. B samaum man-
HOM cJy:KOBI BXOASAT OIIpeJelieHre, XpaHeHHe U Iepelada CUTHAJIOB TOY-
HOTO BpeMeHU, UTO He IIOTePAJI0 aKTyaJbHOCTH U ceiiuac. ATOMHLIE Yachl,
TOYHOCTb X0fa KOTOpHIX gocturaer 107'2 ¢, mosBossgioT MByuaTh rOZOBBIE 1
BEeKOBbIe U3MEHEHUsI BPaIlleHusa 3eMJIN, a 3HAUUT, BHOCUTDL HOIIPABKU B €IU-
HUIIBI U3MEPEeHUA BPeMeHHU.

IIo mepe ocBoeHMSI KOCMHWYECKOTO IIPOCTPAHCTBA YBEJIUUUBAETCA UUCJIO
3aJay, pellaTh KOTOpPhIe IIpu3BaHa HebecHada MexaHuka. OgHA U3 HUX — U3Y-
YyeHWe OTKJIOHEHUWH OpPOUT MCKYCCTBEHHBLIX cnyTHHUKOB 3emuu (MC3) or pac-
yéTHBIX. I3aMeHeHre BbICOTHI moJyiéTa MIC3 Ham 3eMHOM ITOBEPXHOCTHIO 3aBU-
CUT OT CpefHel ILJIOTHOCTHU 3aJIeTaloluX IIOPOJ, UTO YKasbIBaeT Ha pPailOHbI
moucka HedTH, Taza WU KeJe3HOU PYABI.

UccnenoBanue atmochep Ten CoHEUHON CHUCTEMBI IIOMOTAET JyYllle II0-
3HATHh 3aKOHBI JUHAMHUKM aTMoc(hepsl 3eMJIn, TOUHee MOCTPOUThL eé MOoeb, a
cJemoBaTebHO, YBepPeHHee MpeAcKasbiBaTh moroay. IlpakTuyeckuii nHTEpPEC
UMEIOT AJS METEOPOJIOrOB, K IPUMepPy, BOIPOCHI 00PA30BaHUS CEPHUCTHIX 00-
JakKoB Ha BeHepe, BBHIBBIBAIONINX «IIAPHUKOBBLIN 3(h(eKT», MU BOMPOCHI TJIO-
0aJIbHBIX MapCHAHCKUX IIBLIEBBIX OypPh, OXJAMKIAIONINX HOBEPXHOCTL JTOH
ILJIaHEeThI.

PaszBurne acTpopmsmKu CTUMYJIHPYET PaspabOTKy HOBEHIINX TeXHOJIO-
ruii. Tak, ucciemoBanre NCTOUYHNKOB sHepruu COJIHIIA M APYTUX 3BE3M HOI-
CKa3aJI0 HAeI0 CO3JaHUSA YIPaBIAEMBIX TePMOSAEePHBIX PeaKTopoB. B mpo-
Iecce M3y4YeHUs COJTHEUHBIX IIPOTyOepaHIleB
poauJiach uiesd TEIJION30JAIUN CBEPXTOPs-
el mJIasMbl MATHUTHBLIM IIOJIEM, CO3TAHUA
MATHUTOTUAPOAUHAMUYECKUX T'eHEepaTOPOB.
Pesyasrarel Habmoaeunii Cay:x661 ComHIla —
MEe)KIYHapOIHON KOOPAMHUPYIOMIEH ceTu
mo perucrpanuu aktuBHocTu CoJrHITa — HC-
MMOJIL3YIOTCS B METEOPOJIOTHM, KOCMOHABTHU-
Ke, MeIUIIHe U APYTUX OTPACIAX UeJIoBe-
YeCKOM meATeJbHOCTH (pucC. 5).

Hamra 3emyasa He M30JMpOBaHa B IIPO-
CTPAHCTBE, Ha HEE BO3IEHCTBYIOT YaCTHIILI
u mojs, uaymiue ot CorHIla U IPYyTUX 3BE3MH.
Muorue 3Bé3,I[I:I B KOHIIE cBoel 9BOJIIOII NI Py|cy|-|o|( 5 — AKtnBHoe ConHue.
B3pBeIBapOTCsA (TaKk HaspiBaemMble CBepXHO- ®otorpadus, caenaHHas
BBIE), BBIAEJIAS OIPOMHOE KOJIMUYECTBO SHEPIUN cnyTHukom SOHO
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B TeUeHNe HEeCKOJbKHX CeKyHA. Tak, THINJYHAasA BCHBIIIIKA CBEPXHOBOM 3Be3-
IbI Ha paccTogunu 60 cBETOBBIX JIET CIIOCOOHA YMEHBLIINUTL O30HOBBIM CJIO
Harmel miaametrsl B 20 pas, uTO, B CBOIO ouepenb, IIPUBENET K BO3PACTAHUIO
B MIJLJIMOH pPa3 MOTOKAa YJbTPa(UOJIETOBOTO M3JYUYEHUSA, TOCTUTAIOIIETO
3eMJn.

3BE3mHasg aCTPOHOMMUS M3yUaeT UaCTOTy, IPOCTPAHCTBEHHOE pacipemese-
HUe W TUILI 3BE3, IPUBOAAIINX K KOCMHUUYECKUM KaTacTpodam.

3eMid — 9TO YVHHKAaJbHAs ILIaHETa, I'Jle Pa3BUJIACH UeJOBeUYeCKas I[H-
BUJIM3AIINA, U €CJIM IPUPoAa 3eMJN YVHUKaJIbHA, TO U OIPOMHA OTBETCTBEH-
HOCTB JIIOJIEeH 3a e€ coXpaHeHue.

@ I'1aBHBIE BBIBOIBI

1. ActponoMusa — (QyHZaMeHTaJbHAA HayKa, u3ydamIiad usmnue-
CKIe TeJia, ABJIEHUS U IPOIIECCHl, IPOUCXOAAIINE BO BeeleHHO.

2. AcTpoHOMHUSI COCTOUT M3 PsAla PasmesioB, HampuMep, HebecHasd
MeXaHWKa, CPABHUTEJIbHAS ILJIaHETOJIOTUS, acCTPO(PU3NKa, KOCMOJIOTIA
u Ip.

3. OCHOBHOII CIIOCO0 MCCIeOBAHNSA HEOECHBIX 00BEKTOB — aCTPOHO-
MUUYEeCKHe HaOJII0OJeHNs, BBIIOJHAEMbIE C IIOMOIIILI0O COBPEMEHHBIX Ha-
3eMHBIX ¥ KOCMHUUYECKUX TEJIECKOIIOB.

4. OcHOBHOe Ha3HAUeHNe acTpoHOMHH — (OPMUPOBAHIE HAYUHOT'O
MUPOBO33PEHUSA JIIOHEH.

@ KOHTpO.ﬂbeIe BOMpPOCbHbl U 3afaHNA

1. Yto m3yuaet actpoHomuA? lMNepeuncnute BaxHewwie 0CO6EHHOCTU aCTPOHOMUMN.
2. Kak BO3HMKNa Hayka actpoHomuA? OxapakTepusyliTe OCHOBHble nepuofbl eé pas-
BUTUA.

3. Kakue o6XeKkTbl 1 1Mx cucteMbl n3yyaeT acTpoHomuA? lNepeuncnute nx B nopapke
yBenMYeHUsa pa3MepoB.

4. 13 Kakmnx pa3fenoB COCTOMT acTPOHOMUA? KpaTKo oxapaKTepusymnTe Kaxabld N3 HUX.
5. Yto Takoe Teneckon n AnA Yero oH nNpepHasHaueH?

6. KakoBO 3HaueHue acTPOHOMUU AJ1A NPaKTNYeCKON AeATeNbHOCTM YenoBeyecTBa?



OCHOBbI MPAKTUYECKOW
ACTPOHOMUA

§ 2. 3Bé3gHoe HebOo

1. CosBezaua n apkne 3eésabl. Ha mebe B 6e300/IaUHyI0 HOUL CUAIOT MU-
puajnbl 3BE3M, M, KaKeTCA, HeBO3MOYKHO PasodpaThbCsa B 3TOI BeJIMYECTBEHHOMN
3BE3MHOI KapTuHe. BCIOMMHAIOTCS BJOXHOBEHHBIE CTPOKU PYCCKOTO YUEHOTO
u noata M. B. JlomoHocoBa:

Omkxkpuinacy 6e30Ha 36¢30 noaHa,
3ee3dam yucana Hem, 6e30ne — OHA.

HpeBune HaAOIIOIATEJ N BUIEIN HA 3BE3SHOM Hebe OTAe/IbHbIe COUeTaHUS
SIPKUX 3BE3I U MBICJIEHHO 00beIUHANN UX B pasaudHble PUTYyPbl. YTOOBI OBbI-
JIO JIeTue OPHEeHTHPOBATLCA Ha 3BE3THOM Hebe, IpPyInaM 3BE3M, MU CO3BE3IH-
AM, JIIOAY IPHCBANBAJN HAa3BaHUA KMBOTHBIX, IITUIl, PA3JIMYHBIX IPEIMETOB.
HexrkoTopbie GpuUryphsl ApeBHErpedecKre ACTPOHOMBI CBA3aJU ¢ MUPUUECKIU-
Mu repoamu. B Tpyze «Anabmarect» («Beamkoe MmaTemMaTuuecKoe IIOCTPOEHUE
acrponomuu B XIII kuurax», II B. H. 3.) rpeueckuit acrponom Kiaasauii IlTo-
Jement ymomuHaeT 48 cosBesauii. ITo Boabmiaa Mensegumna u Manaa Mense-
nuna, pakoHn, Jlebenns, Opéi, Temer, Becsr u ap.

HawubGoJiee 3aMeTHBIE CO3BE3AUA Y MHOTMX HAPOAOB IIOJYUYUJINA CBOU Ha3Ba-
HudA. Tak, fpeBHUM ciaaBaHaM BoJablitag MeaBeguiia mpencTaBisijach B BUIE
Jloca niau Onensa. Yacrto kosin Bosabinoii MeagBeauiibl CpaBHUBAJICA C IIOBO3-
KOI, OTCI0Oa W Ha3BaHUA 3Toro co3Bes3nusd: Bos, Teisera, KoaecHuiia.

Eme B IIl B. 10 H. 3. IpeBHerpeuecKne aCTPOHOMBI CBEJIM Ha3BaHUA CO3BE3-
INM B eQUHYIO CHUCTEMY, CBA3AHHYIO C I'peuecKoil Mu@oJorueii. T Ha3BaHUA
BIOOCJEICTBUN 3aMMCTBOBAaJia eBpoIlelickas HaykKa. IlosTomy Bce cosBesmusd,
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collepsKaIe ApKUe 3BE3NbI M BUAUMBIE B cpeqHUX muporax CeBepHOro II0-
Jymapus 3eMJIn, MOJYUNIN UMeHa I'epoeB JpeBHerpeuecKux MudoB U JIeTeH
(mampumep, cosBesnusa lledess, Aagpomensi, Ileraca, Ilepcest). Ix usobpaske-
HUS MOYKHO HAWTH Ha CTAaPMHHBIX 3BE3NHBIX Kaprax: Bouabmias Measemuiia
u Manasa Mexasenuiia, HeOecHBIH 0xXoTHHK OpHOH, I'OJIOBa 3BE3THOTO OBIKA —
Tensma u ap. (puc. 6). A, K mpumepy, co3Besaue Kaccuomeu, HazBaHHOE B
YecTh MU(DPUUECKOH mapuilsl (puc. 7), 6eJopycaM HIpeacTaBIAIOCH B BUAE ABYX
KOCITIOB, KocAlux TpaBy (puc. 8). Ha coBpeMeHHBIX acTPOHOMUUYECKUX Kap-
Tax HET PUCYHKOB MuU(GUUECKNX 00pa3oB CO3BE3AMII, HO COXPAaHEHBI UX IPEB-
HUe Ha3BaHusg. MeHee sApKMe cO3Be3ausA ObLIN HA3BaHLI €BPOIEHCKUMU aCTPO-
momamu B XVI—XVIII BB. Bece cosBesgusa IO:xHoro momymapus (HeBUINMEBIE
B EBporme) momyumnau HasBaHUSA B 500Xy Belumxux reorpaduuecKHX OTKPBI-
THUH, KOTA eBPOIeHIbl Hauaau ocBanBaTh HoOBLII CBeT.

OxHaKO ¢ TeueHMEeM BPEeMEeHU CJOKUJIACh HEeOpocTasd CUTyalusd — B pas-
HBIX CTpPaHaX HCHIOJIb30BAJNCh PAa3JIMUYHBIE KapThl co3Be3nuii. BosHuKIa He-
00X0AMMOCTH YHUDUIIUPOBATL pasieseHne 3BE3THOTO Heba.

OKoHUATeJbHOE UHCJIO0 U TPAHUIIBI CO3BE3NUI OBIIM OIpelaeseHbl Ha
accambiieax MeXIyHapoOIHOTO aCTPOHOMHUYECKOro coosa B 1922 u 1928 rr.
Besa chepuueckas moBepXHOCTL 3BE3THOTO Heba OblIa YCJIOBHO pasfesieHa Ha
88 cosBesguii.

PucyHok 6 — ®dparmeHT atnaca A. Kennapuyca c nsobpakeHnem cossesgui
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PucyHok 7 — Co3Be3pgue Kaccuonen. PucyHok 8 — CosBe3pgue Kaccuonen
lpaBlopa 13 atnaca XHa leBenusa B NpeAcTaB/ieHUn 6enopycos

B macrosdiee BpeMs MO cO3Be3qHMEeM IIOHMMAETCA YYacTOK 3BE3THOTO
He0a ¢ XapaKTepHOM HaOJII0ZaeMON TPYHINPOBKON 3BE3J. ITU IIJIOIIAAKI-
CO3Be3IusA HOCAT Ha3BaHUA JuOO0 IpeBHETPeYeCKUX CO3Be3IUil, KOTOPbIe Ha-
XOOUJINCH (MM HAXOOATCS) B COBPEMEHHBIX I'PAaHUIAX, OO Ha3BaHUs, IPU-
CBOEHHLIE eBpomeilicKkuMu acTpoHoMamu. s obiserueHmsa 3allOMUHAHUA U
IIOMCKAa CO3Be3qUil B yUYeOHMKAX II0 aCTPOHOMHUU M ACTPOHOMMYECKUX aTJjia-
cax spKue 3BE3/bI, COCTABJIAIOIINE CO3BE3UsI, COeANHEHEl YCIAOBHLIMU JIMHMI-
AMU B y3HaBaeMble Ha Hebe Gpurypsnl. Co3Be3qus, 3BE3ILI KOTOPLIX 00pasyioT
JIETKO BBIAEJSIEMYIO Ha 3BE3AHOM (POHE KOH(MPUIYypaIuio, MIN Te, KOTOPhIEe CO-
Iep:KaT ApKue 3BE30bI, OTHOCATCS K TJIaBHBIM co3Be3guaM (puc. 9).

Hax ropusoHTOM Ha sICHOM 3BE3JHOM HeOe HeBOOPYIKEHHBLIM IJIA30M MOXK-
HO yBuAeTh oKos0o 3000 3Bé3x. OHM pasamyarTCA IO CBOeMYy OJIeCKY: OOHU
3aMeTHBI cpa3y, Apyrue eaBa pasamuumbl. IlosTomy ermié Bo II Beke mo H. 3.
T'unnapx, OUH 13 OCHOBOIIOJIOKHUKOB ACTPOHOMUM, BBEJ YCIOBHYIO HIKAJY
3BE3MHBIX BeanunH. CaMble ApKMe 3BE3ALI OLIIN OTHECEHBI K 1-i BeInuuHe,
caenymolnue 1mo 6yiecky (caabee mpuMepHO B 2,5 pasa) CUMTAIOTCS 3BE3JaMU
2-1i 3BE3MHOI BeJIWYUHBI, a caMble CJIa0ble, BUAMMbBIC TOJHLKO B O€3JIYHHYIO
HOYb, — 3BE€3gaMu 6-ii BeJIUUYUHBI.

Muorum ApKuUM 3BE3JaM ApPeBHerpedvecKne nM apabCKue acTPOHOMELI Ha-
au "HasBaHusa: Bera, Cupuyc, Kanenna, Ansraup, Purens, Aapaedapan u ap.
B nmanpHeiinem Apkue 3BE3ALI B CO3BE3IUAX CTAJIM 0003HAUATH OYKBaMU rpe-
yecKoro ajadaBuTa, KaK IIPABUJIO, II0 Mepe yOnIBaHusA mx Ojecka. C 1603 r.
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PucyHok 9 — Cxema B3aVIMHOrO pPacrosfioXKeHUA FNaBHbIX CO3BE3AUN N APKUX 3BE3[,
BUAUMbBIX B CpeAHUX reorpadprnuecknx wmnportax

JIelicTByeT IpeaJiosKeHHadA HeMenKuM acTpoHomom HMoranrnom Batiepom cucre-
Ma obosHaueHUl 3BE3a. B cucreme Baiiepa HasBamue 3Be3Ibl COCTOUT U3 ABYX
yacTei: 3 HA3BAHUS CO3BE3AUsI, KOTOPOMY HPUHAMJIEIKUT 3Be3Za, U OYKBEI
rpeueckoro ajadasuta. IIpu sToM mepsas OyKBa rpeduecKoro ajadasuTa o CO-
OTBETCTBYET CaMO¥l APKOU 3Be3/le B CO3BE3NUU, 3 — BTOPOIl o OJIECKY 3Be3ze
u 1. 1. Hanpumep, Peryn — a JIbBa — 3T0 camasa ApKasa 3Be3aa B CO3BE3IUN
JIbBa, llenebosa — P JIbBa — BTOpas mo GJIECKY 3Be3[ja B 3TOM CO3BE3IUU.

ITo mepe pasBuTHA HAYKU U B CBA3U C M300pEeTEHHEM TEJIECKOIIOB KOJIMUe-
CTBO HCCJIEYEeMBIX 3BE3]] BCE yBelIMUMBAJIOCh. I ux oO0o3HAUEeHUA yiKe He
xBaTaJI0 OyKB rpeueckoro ajdasura. M Torma 3sBés3abl Hauaaum o003HAUATH Jia-
TUHCKUMU OykKBamMu. Korga ke 3aKOHUMJINCL W OHM, 3BE3ABI cTalu 0OO3HA-
yaTh nuppamu (Hanpumep, 61 Jlebensn).



§ 2. 3Bé3gHoe Hebo 17

2. Bugumoe cyTouyHoe ABMXKeHue 3B&3f.
IIpu mabaiomeHny 3BE3MHOTO Heba Ha IIPOTHA-
JKeHUU OJHOTO-ABYX YacOB MBI yOeKIaeMcCs
B TOM, YTO OHO BpaIllaeTcs KaK eIWHOe Iie-
Joe TaKUM 00pasoM, UTO C OOHOM CTOPOHBI
3BE3bI MOAHUMAIOTCA, a C APYToii — OIycKa-
orca. Hiaa mac, Kutejeit CeBepHOro IIOJNY-
miapus, 3BE3AbI IMOJHUMAIOTCA C BOCTOUHON
YyacTu TOPU3OHTA W CMeIaioTcsa Bupaso. Ila-
Jiee OHUM JOCTUTAIOT HAWBBICIIIETO HOJIOMKEHUA
B I0:KHOII yacTu Heba M 3aTeM OIMYyCKAalOTCsA B
3amaJgHOM YacTW TOpU30HTa. B TeueHue cy-
TOK 3BE34HOEe He0O CO BCeMHU HaXONAIIMMUCSI
Ha HEM CBETHJIAMH COBEPIIaeT OAMH O0OPOT.
TakuMm obGpasom, gudumoe cymouHoe spauie-
Hue 36630H020 HeOa npoucxodum ¢ 60CMOKA
Ha 3anad, eciu cmosmyv AUUOM K 102y, T. €.
IO YacOBOU CTpeJKe.

B ceBepHoil yacTu He6a MOKHO OTHICKATh IlonmapHyio 3Besmy. Kaskercs,
uyTo BCE HeOO Bpailaercss BOKpyr Heé (puc. 10). Ha camom Ke gesie BOKPYT
CBOeil ocu BpalaeTcsa 3eMJId ¢ 3amajla Ha BOCTOK, a Bech HeOOCBOJ Bparla-
eTcd B oOpaTHOM HaIpaBJeHUU C BOCTOKA Ha 3amaj. IlomapHasa 3Besga OJd
TAHHOW MECTHOCTH OCTAETCS IIOUTH HEeIOABUKHOMN UM HA ONHOU W TOH Ke BLI-
core Haja ropus3oHToM. OUEeBUIHO, UTO CYyTOUHOE ABMKEeHHE 3BE3M (CBETHJI) —
HabJomaeMoe KasKkyllleecs siBJIeHUe BpallleHus HeOecHOTo CBoJa — oTpasKa-
eT IeliCTBUTEJIbLHOE BpaIlleHre 3eMHOT0 ITapa BOKPYT OCH.

PucyHok 10 — CyTouHble ayru
CBeTuN B NONSIPHON o6nacTn Heba

3. OCHOBHbIEe TOUYKM, INHNM N NIOCKOCTN HebGecHom cdepbl. Ham KakeTcs,
YTO BCE 3BE3MBLI PACIIOJIOKEHBI HA HEKOTOPOH chepuuecKoil IIOBePXHOCTH He-
0a 1 OJMMHAKOBO yHaJIeHbI OT HabumogaTens. Ha camMoMm gesie OHM HAXOASATCS
OT HAC Ha PasJIMYHBIX paccToaHuAX. [IosToMy BooOparkaeMy0 MOBEPXHOCTH
Heb6OCBOIa cTaJI Ha3hbIBATh HeOecHOH chepoil.

Hebecnaa cdepa — 970 BooGpakaemMas chepa IPOU3BOJILHOTO Pagmy-
ca, IIEHTP KOTOPOM B 3aBUCHUMOCTH OT PeIllaeMoOi 3aJady¥ COBMEIAeTCs C TOM
WM WHOM TOUYKOII mpocTpaHcTBa. LleHTp HeOecHOU chepbl MOKET OLITh BBI-
OpaH B MecTe HalOJogeHUs (IJ1a3 HabMogaTed d), B eHTpe Semuan uau Cosru-
ma u T. n. IloaaTnem HebecHOIi c(ephbl MOJL3YIOTCSA A YIJIOBBIX H3Mepe-
HUM, I U3YUEeHUs B3aMMHOTO PACIIOJOMKEHUS U ABUIKEHUSA KOCMHUECKUX
00BeKTOB Ha Hebe.
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CBeToBble rofgpl

PucyHok 11 — Cxema npoeuuvpoBaHua 3BE3f B co3Be3gun bonblon Megseauubl
Ha HebGecHom cdepe

Ha mosepxHocTh HebecHOII chephbl IPOCIUPYIOTCA BUAMMBIC IIOJOMKEHUA
BCeX CBETUJI, a AJIS YA0OCTBA M3MEPeHUI CTPOAT Ha Hel PAJ TOUEeK U JIMHUIHA.
Hampumep, HeKoTopbie u3 3BE3] «KOBIIa» Boibinoil MeaBeauiibl HaXOmATCS
JaJIeKo OZHA OT APYroii, HO AJsA 3€eMHOro HabJoaTe/s OHU IPOEIUPYIOTCS
HA OOWH U TOT K€ yJacTOK HebGecHoIi cdepsnl (puc. 11).

IIpamas, mpoxondariasa uepes IeHTP HebecHou cdeps! (puc. 12) u cosma-
Jaiomiasd ¢ HaIIpaBJIeHHMEeM HUTH OTBeca B MeCTe HaOJIoJeHWNsA, Ha3bIBaeTCs
OTBECHOI WM BepTHKaJbHOU JuHHeli. OHa mepecexkaeT HebecHYIO chepy B
TOUKAaX 3eHHUTa (BEePXHAS TOUKA IIepeceueHus OTBECHOUN JUHUU ¢ HebecHOU
cdepoit) u Hagupa (Touka HeOeCHOM c(depbl, MIPOTUBOIOJOMKHASI 3€HUTY).
Il1ockocTh, IpOXOAAIas uepes IeHTP HeOecHOM chepbl M HepPIeHIUKYJIAP-
Has OTBECHOUW JWHUMU, HAa3LIBAeTCA IJIOCKOCTHI0 MCTHMHHOTO MJIM MaTeMaTH-
YeCKOT0 TOPU30HTA.

Bouasbmioit xpyr HeOecHOIl cdephl, IPOXOAAIINNA Uepes3 3eHUT, CBETHUIO U
HaIWp, Ha3bIBaeTCd KPYTOM BBICOTHI, BEPTHKAJBHBIM KPYTOM WJIHN IIPOCTO
BEPTHKAJOM CBETHJIA.

Och Mmupa — mpsamas, IPOXOAAINAsa uepes IeHTP HeOecHOoH chephbl mapaJi-
JIJIbHO OCHU BpallleHuA 3eMJiu, Iepecexaloiiad HebecHy0 chepy B ABYX aua-
MEeTPAJIbHO IIPOTHUBOMOJIOMKHBIX TOUKAX.
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Touka mepeceueHHs OCH MHpa C Hebec-
HOM c(epoii, BOIU3U KOTOPOI HAXOIUTCS
ITonspuas 3Be3ma, HasbiBaeTcs: CeBepHBIM
MOJIIOCOM MHPA, IPOTUBOIOJOKHAA TOU-
ka — HO:kHbIM mogrocom mupa. Ilonapras
3Be3ga orcTouT oT CeBepHOIo IOJIOCA MIU-
pa Ha YIJIOBOM PacCTOSHUU OKoJo 1° (Tou-
Hee 44").

Boabmioit Kpyr, OpoXongdAIiuii uepes
IeHTp HeOecHOU cephl U IepHeHIuKYIAP-
HBIII OCU MUPAa, Ha3bIBAIOT HeOECHBIM JKBa-
TopoMm. OH menur HebecHyIO chepy Ha IBe
yactu: CeBepHoe IOJyHIapHe C BepPIIUHOM
B CeBepHoM moJioce mupa u HxHoe —

PucyHok 12 — HebecHas cdepa:
X — ueHTp HebecHon chepbl
(MecToHaxoXxaeHVe HabnopaTens);

¢ BepmnHO# B IO:KHOM moJiroce Mupa. Py — CeBepHblil MONOC MUPa;
Kpyr ckaoHenus cBeTuja — OOJIBIIOMN X — HOXHbIN nonoc Mupa;
KpyT HebecHOI cepsl, IPOXOAAIINI Yepes KyPs — ocb Mupa; Z — 3eHuT;
"’ . —_ .
IIOJIFOCHI MUPa U CBETHJIO. Z' — Hapup; E — BoCTOK;
- W — 3anag; N — ceBep; S — 1or;
CyTouHasa mapaJjiaeirb — MAaJbIll KPYT
5 . Q — BepxHAA TOUKa HebecHoro
HebecHOU cdephl, IIJIOCKOCTh KOTOPOTro IIep- 5kBaTOPa; Q' — HIKHAS TOUKA
INIeHANKYJAPHA OCH MHpa. He6eCcHOro 3KBaTopa;
Boabiioii kKpyr HebecHO cdepbl, HIPO- ZZ' — BepTuKalbHasA NUHUSA;
XONAIMUI Yepe3 TOUKM 3€HUTA, HAAUpPA U PyMPs — Kpyr cKnoHeHus;

NS — nonyaeHHasa nuHnA;

MIOJIIOCHI MUpPa, Ha3bIBaeTcA HeOeCHBIM Me- .
M — cBeTnno Ha HeGecHon chepe

puaguanom. HebGecuniii Mmepuaman Iepece-
KaeTcd C MCTUHHBIM TOPHU30HTOM B JBYX IHUAMETPAJIBHO IIPOTHUBOIIOJJIOMKHBIX
Touxkax. Touka mepeceyeHnss NCTUHHOI'O M'OPU30HTA ¥ HeOeCHOro MepuauaHa,
onmxkaiimasa K CeBepHOMY IIOJIOCY MHPA, HA3BIBAETCS TOUYKOM ceBepa. Tou-
Ka IepeceueHus UCTUHHOTO TOPHU30HTA M HeOeCHOTro MepuauaHa, OJr:KanInasa
K IO:xHOMY IOJIIOCY MUpa, HasbIBaeTCA TOYKOM ora. JIMHusA, coequHAIOIIAd
TOYKM CeBepa 1 IoTa, HasbIBaeTcs MOJydeHHOU guHuei. OHA JeKUT Ha ILJIO-
CKOCTH MCTHUHHOIrO ropusoHnTa. I1o HAIpaBIeHUO IOJYAeHHOH JUHUN IIagaloT
TEeH! OT IPEeAMETOB B IIOJIIEHb.

C HeOeCHBIM SKBATOPOM HCTHUHHBLINM TOPU3OHT TaK:Ke IepeceKaeTrcs
B IBYX ANaMETPAJbHO IIPOTHBOIIOJJOKHBIX TOUKAX — TOYKE BOCTOKA U TOU-
Ke 3amanga. /g HabiuromaTess, CTOAINETO B IIeHTPe HeOecHOM cdephl JUIOM
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PucyHok 13 — dknuntuka

PJIaBHBIe BbIBO/IbI
1. CosBesaue — y4acTOK

K TOYKe ceBepa, TOUKa BOCTOKa OymeT pac-
IMOJIOJKeHa CIpaBa, a TOUKa 3alajga — cJieBa.
ITomHS 5TO mpPaBUJIO, JIETKO OPUEHTUPOBATHCA
Ha MECTHOCTH.

Bugumerii rogosoit nythk CoaHIla cpenu
3BE3] Has3bIBaeTCs JKJIMNTHKOM. B miaocKo-
CTH JKJUITUKU JEKUT OYTh 3eMJIU BOKPYT
Comuila, T. e. e€ opbura. OHa HaKJOHEHa K
HebecHOMY SKBaTOpPy Imoj yriom 23° 27’ u me-
pecexaer ero B Toukax Becenzero (7Y, oKoJo
21 mapra) u oceHHero (£, oxoso 23 ceHTs-
6psa) paBHOZeHcTBUA (puc. 13).

He0a ¢ XapaKTepHOM HAOJI0JaeMOil TPYIIIu-

POBKOM 3BE3N U APYTUX ITOCTOSHHO HAXONAIIMXCA B HEM aCTPOHOMUYECKUX
00LEeKTOB, BbIIEJIEHHbIH I YA0OCTBA OPHMEHTHUPOBKY M HAOIIONEHNS 3BE3,.
2. Illkajsa 3BE3OHBIX BEeJIWYUH, HNpPEIJIOKeHHada ['mmmapxom, IMO3BO-

JSeT Pas3jindyaTh 3BE3IbI 110

cBoeMy OJIECKY.

3. HabGmromaeMoe cyTOUHOE ABUKEHINE 3BE3J SABJIAETCS OTPaAKEeHUEeM
IEeNCTBUTEIHHOTO BpPAIleHUsI 3eMJN BOKPYT CBOEM OCH.
4. Hebecuas cepa — BooOpaskaeMasi cpepa IMPOU3BOJILHOTO PagUy-

ca ¢ IeHTPOM B BLIOPAHHOM

TOUKE IIPOCTPAHCTBA.

5. Bugumbiii rogosoii nyTh CoJHIIA cpeau 3BE3[ HA3BIBAETCS DKJIMII-

THUKOMH.

@ KoHTponbHble BONpoCbl 1 3afaHNA
1. Yto noHuMmMaloT nop cossesgmem?

2. Kakum obpasom co3se3aus
HUI co3Be3auia.

nonyuyunu ceou HassaHuA? MNpueeauTe npumepbl Ha3Ba-

3. [lo KakoMmy NpurHLUMNY CTPOUTCA WKana 3BE3aHbIX BenuumH Mmnnapxa? Yto noHmMma-

10T Nof 3BE3QHOWN BEIMYNHON?

4. B yéMm 3aK/ovyaeTca CyLWHOCTb CMCTEMbI Knaccudukauum 38é3g no banepy?

5. OnuwwnTe BMAMMOE CYTOUHOe ABMXKeHMe 3Bé3f. 1o Kakon npuumMHe NPOUCXOANT
HabniogaemMoe siBNeHNE CYyTOYHOIO ABWKEHUs 3BE3q?

6. Yto noHmmatoT nop HebecHol chepon? [alite onpeneneHna OCHOBHbIM TOUYKaM,
JIMHUAM 1 MJIOCKOCTAM HebecHol chepbl.
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§ 3. Heb6ecHble KoopanHaTDI

1. Cuctembl KoopaunHar. ITosoKeHne CBETU OIPEIeIAeTCS 10 OTHOIIIEHIIO
K TOUKaM M Kpyram HebecHOM chepsbl (cM. puc. 12). IIaa sToro BBeIeHBI He-
OecHble KOOPAMHATHI, MOJO0HEIE IeorpauecKuM KOOPAMHATAM Ha IIOBEPX-
HOCTHU 3eMJIN.

B acTpoHOMUM TpUMEHSETCS HECKOJbKO cucTeM KoopauHaT. OTamuaior-
¢ OHU IPYTr OT APyra TeM, UTO CTPOATCS II0 OTHOIIEHHUIO K PAa3HBIM KpPyram
HebOecHoIi cepnl. HebecHbIe KOOPAMHATEI OTCUUTHIBAIOTCS AYTaMU OOJBIIIMX
KPYTI'OB MU IIeHTPAJbLHBIMU YIJIaMU, OXBATBIBAIOIINMI 9TU IYT'H.

HebOecHble KOOpAMHATHI — I€HTPAJbHBIE YIJILI UJIN AYTU OOJBIIUX KPY-
roB HebecHOI cdephbl, ¢ TOMOIIbIO KOTOPLIX OMPENeasaioT MOJOMKEeHIe CBeTUI
IO OTHOIIIEHWIO K OCHOBHBIM KpPyraM 1 TOYKaM HeOeCHOH c(epsnl.

l'opusonTampHasa cucreMa KoopauHart. [Ipu acTpoHOMHUYEeCKHX HaOJIIO-
IeHUSIX YIOOHO OIPeesATh MOJIOMKEHEe CBEeTUJI 10 OTHOIIEHHUIO0 K IOPU30H-
Ty. ['opusonTasbHas cucTeMa KOOPAUHAT MCIIOJb3yeT B KaUuecTBe OCHOBHOTO
Kpyra UCTUHHBIN TOPU30OHT. B 9TOIl crucTeMe KOOpAMHATAMU SBJISIOTCS BBI-
cora (h) u azumyrT (A).

BrIicoTa cBeTHIa — yroBOe paccTosHue cBeTwsa M OT UCTUHHOTO TOPHU-
30HTa, U3MEPEeHHOe BIOJb BepPTUKAJIbHOTO Kpyra (puc. 14). BreicoTa ompene-
Jsercs B rpagycax, MUHYTaX U ceKyHmax. OHa OTCUMTHIBAETCS B IIpeAesax
or 0 mo +90° K 3eHUTY, ecaU CBETUJIO HAXO-
IUTCA B BUAMMOM yacTu HebecHoii cdepbl, u
or 0 mo —90° K Haaupy, eciud CBETUJIO HAXO-
OUTCS IIOJ, TOPHU30HTOM.

Hia maMepeHusa asuMyTOB 3a HAYaJO OT-
CcuéTa NPUHUMAETCS TOUKA iora. A3MMYT cBe-
THJA — YIJ0BOE PacCCTOAHUE, U3MePeHHOe
BIOJIb UCTUHHOTO TOPU30HTA, OT TOUKHU IOTa M0
TOUKM IepPeCceUYeHUs MOPU3OHTA C BEPTUKAJb-
HBIM KPYI'OM, IIPOXOAAINUM Uepes cBeTuao M
(cm. puc. 14). ABuMyT OTCUUTHIBAeTCA K 3ama-

Iy OT TOuKH fora B mpegesax ot 0 mo 360°. Z
FOpI/I3OHTaJIBHaH cucreMma KOOpf[I/IHaT nc- PI/ICYHOK 14 — FopmsoHTaanaﬂ

IIOJIb3yeTCs IPHU TOHOrpadUUIecKON CHEMKE, CHCTeMa KOOpAMHAT:

B HaBuranuu. Bciencrsue CYTOYHOI'O BpalIllie- h — BbicoTa cBeTuna X

HUA HebecHOU cdepbl BBICOTA U a3UMYT CBETH-  Haf FOPU3OHTOM; Z — 3€HUTHOE
Jia co BpeMeHeM uaMeHATcsA. CiiegoBaTebHO, pacctosiHue; A — asumyT
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TOPU30HTAJIbHBIE KOOPAUHATEI UMEIOT OIIpe-
IeJIEHHOe 3HaueHUre TOJIbKO [JIs M3BEeCTHOTO
MOMEHTA BPEMEHH.

Yryi0BOE paccTosHIe OT 3eHUTa A0 CBe-
THJIa, U3MEePEeHHOe BIOJb BEPTUKAJbHOTO
Kpyra, Ha3bIBaeTCs 3€eHUTHHIM PACCTOSHHU-
eM (z). OHO oTCUMTHIBaeTCA B Ipeneax
or 0 mo +180° k Hagupy. BricoTa u 3eHuT-
HOe pacCTOoAHIEe CBI3aHLI COOTHOIIIEHUEM:
z+ h=90°

JKBAaTOpHUAJbHAA CHCTEMa KOOPIAUHAT.
s mocTpoeHUA 3BE3AHBIX KapT WM COCTaB-
JeHUs 3BE3THBIX KAaTaJIOTOB 3a OCHOBHON
Kpyr HebecHOIl cdepbl yA0OOHO NMPUHATH

PucyHoK 15 — DkBaTopumanbHas
cnctema HebecHbIX KOOpAMHAT:

& — cKnoHeHue ceeTuna X ; Kpyr HebecHOro sksartopa (puc. 15). He-
0. — MPAMOE BOCXOXAEHUE; OecHbIe KOOpaAMHATBI, B CUCTEeME€ KOTOPBIX
t — vacoBomn yron OCHOBHBIM KPYI'OM ABJIAETCA HeOeCHBIN dK-

BaTOpP, HA3BIBAIOTCA SKBATOPUAJIBHON CHU-
CTeMOIi KoopAuHAaT. B 3Tol cucTeMe KOOpAMHATAMU CJIYMKAT CKJIOHeHUue (8) u
mpsaMoe BocxoxaeHue (o).

CriIOHeHHe CBeTHJIa — YIJIOBOe paccTodHue cBetuyaa M oT HeOeCcHOro sK-
BaTOpa, U3MepeHHoe BAOJb Kpyra cKJoHeHus. CKIOHeHNEe OTCUNTHIBAETCA B
npegenax or 0 o +90° K CeBepHoMy moJiocy Mmupa u oT 0 7o —90° x IO:xHOo-
MYy IIOJIIOCY MUPA.

3a HaYAJIbHYIO TOUKY OTCUETa Ha HeOECHOM SKBATOpPE IPUHHMAETCS TOUKA
BeceHHero pasHogeHcTsua Y, rae Coanile 6eiBaeT 0KoJio 21 mMaprTa.

IIpamoe BoCXO:KOAEeHME CBETHJA — YIJIOBOE PACCTOSHIE, M3MEepPEeHHOe
BJIOJIb HEeOECHOI'0 SKBATOPA, OT TOUKM BECEHHEro PAaBHOIEHCTBHUSA N0 TOUYKU
rnepeceyeHns HEOECHOI0 SKBATOpPA C KPYIroM CKJOHEHHS cBeTwmJa. Ilpsmoe
BOCXOKJE€HIE OTCUUTHLIBAETCS B CTOPOHY, IPOTHBOMIOJIOMKHYIO CYTOUHOMY Bpa-
IeHnI0 HebecHOI cdeprl, B mpegenaax oT 0 1o 360° B rpagycHOil Mepe WU OT
0 mo 24 u B YacoBOil Mepe.

IS HEKOTOPBIX ACTPOHOMHUUYECKUX 3a1ayu (CBA3AHHBIX C M3MEPEHNEM BpeMe-
HI) BMECTO IIPSAMOT'0 BOCXOMKAEHUSA (0,) BBOAUTCSA YacoBoi yroi (t) (cMm. puc. 15).
YacoBoii yroa — 3TO yIJIOBOE PaCCTOSHIE, N3MEPEeHHOe BI0JIb HEOeCHOTO 9KBa-
TOpa, OT BEPXHEN TOYKM HeOEeCHOI'0 SKBATOPA IO Kpyra CKJOHeHuA ceermia. Or-
CUNTELIBAETCSA YACOBOM YIroOJI II0 HAIPABJICHUIO BHUAMMOI'O CYTOYHOI'O BPAII[€HMS
HeOecHOI cdeprl, T. e. K 3anany, B npegenax oT 0 7o 24 u B yacoBoii Mepe.
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Koopaunatsr 3B€31 (0., ) B 9KBATOPUAJIBHOU CHCTeMe KOOPAMHAT HE CBA-
3aHBI C CYTOUHBIM ABUKEHUEM HeOeCHOII cephbl M M3MEHAIOTCS OUEeHb Me[-
aerHo. [TosToMy OHM IPUMEHAIOTCS AJIS COCTABJIEHUS 3BE3MHBIX KapT U Ka-
TaJOrOB. 3BE3MHBIE KAPTHI IIPEACTABIAIOT COO0M MPOoeKIInM HeOeCHOM chepshl
Ha IIJIOCKOCTHL C HAHECEHHBIMHN Ha He€ 00hLeKTaMU B OIPENeJEHHOM CHCTe-
Me KoopauHaT. Habop 3BE3OHBIX KapT CMEXXHBIX YYacTKOB Heba, IMOKPBIBA-
IOIMUX BCé HeOO MJIM HEKOTOPYIO €ro YacTh, HA3bIBAETCA 3BE3THBIM aTJIACOM.
B cnemnmanbHBIX CIIMCKaX 3BE3], HA3LIBAEMBIX 3BE3THBIMU KATAJIOTaMHU, YKa-
3BIBAIOTCS KOOPAMHATHI UX MecTa Ha HeOecHOU chepe, 3BE3NHAA BeJIUUYNHA U
npyrue mapamerpbl. Hampumep, xataigor Hubble Guide Star Catalog (GSC)
colep:KuT mouTu 19 MiaH 00HLeKTOB.

2. JlyHHo-conHeyHana npeueccua. Och BpamneHua 3eMyd HaKJOHEHA K ILJIO-
cKocTu opbuTsl mox yriaom 66°33°. Ilox BoszeiicTBHEM NPUTAMKEHUA JIYHBI
u CoJiHITa M3-3a HEOJHOPOJHOCTH PacCIIpeeseHUs IIJIOTHOCTH MAaCChl BHYTPH
3eMi och OmHCBIBaeT KOHyc. Tak Kak HampaBieHHe ocu 3eMJU N3MeHseT-
csd, TO HePIeHIUKYJIAPHAA el IIJIOCKOCTh 9KBaTOpa TaKiKe OyaeT cMeIlaThCs,
YTO IMIPUBOAUT K IMEePEMEIeHUI0 TOUKM BECeHHEro PaBHOAEHCTBUSI. ITO ABJe-
HUe Hal3bIBaeTCs JyHHO-COJHEYHOH mpeneccueii. Touka BeCeHHETO PaBHOAEH-
CTBUSA IIepeMelllaeTcsA HABCTPEUY BUIMMOMY TOAuUUYHOMY ABU:KeHUI0 CoJHITA
Ha 50,3” B rog uau uHa 1° B 71,6 roma, coBepimass MOJHBIA 000POT IO SKJIMII-
tuke 3a 25 770 mer. Iloadioca Mupa Tak:Ke IepeMeIalTCsa CPeau 3BE3I.
B macrosmee Bpemsa CeBepHBIN ITOJIOC MHUPa HaxXoAuTcA BoaJje IlomspHoi
3Be3nabl, a uepe3 10 Twic. jgeT oH mepeMectuTcs K Bere (o JIupsr).

3. BbicoTa nonwca mupa Hag ropusoH-
Tom. MBI yiKe 3Haem, uto IlomsapHas 3Be3-
Ia, HaxomsAmniasaca Boiusu CeBepHOTro II0JIIO-
ca MUpa, OCTAETCS IMOYTU Ha OTHOM BBICOTE
HaJ TOPU30HTOM Ha AAHHOI IIWPOTe NpPHU
CYTOUHOM BpallleHuu 3BE3aHoro Heba. Ilpu
nmepeMeIieHnu HabJjaogaTesd C ceBepa Ha
oT, e reorpadguyeckas IMIMPOTa MEHBIIE,
ITonapuasa 3Be3na OMyCKaeTcsA K TOPUB0H-
Ty, T. €. CYIIEeCTBYeT 3aBHUCHUMOCTL MEKIY
BBICOTOH IIOJIIOCA MHUPa U reorpaduyecKoit
HIUPOTOA MecTa HAOJIIONEeHUA.

Ha pucynake 16 semHoIi miap u HebecHas
cepa n300pasKeHbl B CEUEHUN ILJIOCKOCTBIO PucyHok 16 — BbicoTa nonioca
He0eCcHOTO MepuAMaHa MecTa HaOJIIOIeHU. MMpa Hafg ropyv3OHTOM
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Ha6aomgarens u3 touku O BuauT mojioc Mupa Ha BweicoTe £ NOP = hp.
Hampasnenune ocu mupa OP mapajjejbHO 3€eMHO# OCH. YTOJ HPHU IeHTpPe
Semiu £ O0O’q coOTBETCTBYET reorpaduuecKoil MUPoTe MecTa HAOIOIeHU (.
Tax kak pagmyc 3eMJu B TOUKe HAOJJIOJeHUA NePIeHAUKYJIIPeH ILIOCKOCTH
WCTUHHOI'O F'OPU30HTA, & OCh MUPA IIePIeHAUKYIAPHA IIJIOCKOCTH reorpadu-
yecKoro skBsaropa, To £ NOP u / OO’q paBHBI MexXay co00O# Kak YIJbI C
B3aMMHO TNEPIEeHIUKYJIAPHBIMU CTOpoHaMu. TakuMm o0pa3oM, yz2/108as 6bLCO-
ma nonca Mupa Had z0pU30HMOM PABHA z2e0zpauiecKoil uiupome mecma
Habnwdenus:

hp = ¢. (1)

C npyroii cTopoHBI, 13 pucyHKa 16 caexyer, uto £/ QOZ ompenessieT co-
0011 BeIMUYNHY CKJIOHEHUSA 3eHuTa O,. [109TOMY MOYKHO 3aIMCaTh, UTO

¢ =08z, | mau @ = hp = Jy. (2)

PagencTBo (2) XapakTepusyeT 3aBUCUMOCTb MeKAY reorpaduuecKoi Im-
poToil MecTa HAOJIOMEHUSI M COOTBETCTBYIOIIMMY T'OPU30HTAJIBHONU U 9KBATO-
puaabHO KOOPAUHATAMU CBETIJA.

Ilo mepe mepemerienusa Habaiomarenas K CeBepHomy moiiocy 3emau Ce-
BEePHBIN IIOJIOC MUpPa IMOSHMMAaeTCcs HajJ ropu3oHToM. Ha mosioce 3eMyan 1o-
JIIOC Mupa 0yIeT HaXOOUTHCS B 3€HUTE. 3BE3ALI 3IeCh ABUIKYTCA IO KPyraMm,
mapajeIibHBIM TOPU3OHTY, KOTOPBIA COBIIajaeT ¢ HebecHBIM sKBaTopom. Cra-
HOBUTCS HEONpeAeJEéHHBIM HeOeCHBIN MepuANaH, TePAIOT CMBICI TOUKH CeBe-
pa, 1ora, BOCTOKAa U 3amaja.

Ha cpegrux reorpaduuecKkux IIUPOTax OCh MHPa U HeOGECHBIA 3KBaTOD
HAKJIOHEHBI K MOPU30HTY, CYTOUHBIEC ITyTHU 3BE3] TaKsKe HaKJOHEHBI K T'OPU-
30HTY. [loaTOMy HAOIIOAAIOTCS BOCXONAIIME U 3aXONAIINE 3BE3BI.

ITox BocxomomM moHMMAaeTCSA SBJEHUE IEPECEUEHUS CBETUJIOM BOCTOYHOM
YyacTy TOPU30HTA, a MOJ 3aX0A0M — 3allaJHOI YacTu TrOpM30HTA. B cpemHUX
IMUPOTaX, HATpUMep Ha Teppurtopuu Pecnyonumku Benapych, HabiaiomaioTcsa
3BE3IbI CEBEPHBLIX OKOJIOMOJIAPHLIX CO3BE3IU, KOTOPhle HUKOTIa He OmycKa-
orca mof ropu3oHT. OHM Has3bIBAIOTCA HE3aXOMANIMMU. 3BE3NLI, PACIIOJIO-
JKeHHBIe OKoJIo IO)KHOTO TIosIfoca Mupa, ¥ Hac HUKOTrAa He BocxomAT. UIx Ha-
3bIBAIOT HEBOCXOXANIUMH.

Ha skBaTope 3emuau och MuUpa COBHajaeT C IIOJIYAeHHOM JUHUEH, a mo-
JIOCHI MUpPa — C TOYKaMu ceBepa u iora. HeOecHbII 9KBATOP HPOXOIUT Ue-
pe3 TOUKM BOCTOKA, 3alajia, TOUKU 3eHuTa u Hagmpa. CyTOUHBIE IIyTH BCeX
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3BE3] MEPIEHANKYJIAPHLI TOPUBOHTY, M KarKAad U3 HUX IIOJOBUHY CYTOK Ha-
XOAUTCA HaJ IOPU30HTOM.

I''taBHBIC BHIBOIBI

1. Ina ompenesieHns TOJIOMKeHUIT HeOeCHBIX Tes Ha HebecHOM cde-
pe HCIIOJb3yeTcs CHCTeMa KOOPAWHAT, aHAJOTHYHAS reorpaduuecKoi.
Ha meGecHoi1 chepe BOBMOKHBI TOJBKO YIJIOBLIE M3MEPEHII.

2. YrioBad BBICOTa IIOJIOCAa MUpa HaJ MOPU30HTOM paBHAa reorpadu-
YeCKOM MIMPOTe MecTa HabJoaeHus.

3. Bocxox u 3axop cBeTmJa — SIBJIEHUA IepeceUeHUsT CBETHJIOM I'O-
PHU30HTA.

4. 3BEé3aHBIE KapThl — NPOEKIUU HeOecHOU cdepbl Ha MJIOCKOCTh
C HaHEeCEHHLIMHM Ha Heé 00beKTaMU B OIPENeEHHOI cucTeMe KOOPIM-
HaT, a ©X Ha0Op — 3BE3AHLIE aTJAaCHI.

@ KoHTponbHble BONpOCb! 1 3agaHnA
1. Kakne cnctembl HeGeCHbIX KOOpAMHAT BaM M3BECTHbI? B UéM 3akniovaeTcs NpuHUK-
nuManbHaa pasHMLa MeXxay pasnnyHbIMA CCTEMaMN HeOGeCHbIX KoopanHaT?
2. [laiTe onncaHne ropn3oHTaNIbHOM N SKBATOPManbHON CUCTEM KOOPAMHAT. Kakune Ko-
OpAMHATbI UCNOSb3YTCA B 3TUX CUCTemax?
3. Moyemy B aCTPOHOMUM UCMOSb3YIOT pPa3finuHble CMCTeMbl KoopanHaT?
4. Onpepennte BbICOTY MoOJi0Ca MUPA Haf rOPM3OHTOM B BalleM HaCeNéHHOM MYyHKTe.
5. Kakune 3BE3[bl Ha3blBalOT BOCXOAAWMMN U 3aX04AWMMN, HEBOCXOAALLMMUN U HE3AXO-
aawmmn?
6. Onpepenvte CKNOHEHUA 3BE3[, JOCTYMHbIX HAaOMNIOAEHUIO Ha WNPOTE BalLEro Hace-
NEHHOro MyHKTa.

§ 4. OnpepeneHne reorpadunueckon WMNpPOTbI

1. Kynemunauua ceetun. Ilpu cyTouHOM BpallleHUM BOKPYT OCH MHpa CBe-
THJIa JBa Pas3a 3a CYTKU IIePeceKaroT HeOeCHBIN MepuAnaH. SIBjIeHre TPOXO0K-
JIeHUusA CBEeTUJIOM HeGeCHOro MepuanaHa HasblBaeTCA KyJIbMHHAIUEH.

PazsimuaioT BepXHIOI M HU)KHIOIO KyJbMUHAIIMK. B BepxHeil KyJbMUHA-
IIMHM CBETUJIO IPU CYTOUHOM JBUKEHUUN HAXOAUTCS B HAWBLICIIIEH TOUKe Ha
TOPU30HTOM, OJm:Kaimeil K 3eHUTYy. HMIKHAA KyJIbMHHAIIUSA TPOUCXOIUT
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Z M yepes3 IIOJOBUHY CYTOK IIOCJie BepxXHel
Pn KyJbMUHAIIAH.
Touka mepeceyeHUA CYTOUHOM HapaJiie-
Q JU CBeTHJIA C BOCTOUHOHN UaCTHIO MCTUHHO-
d M)’ TO rOpM30HTA HA3bIBaeTCs TOUYKOM BOCXOHA
N CBeTHJIA, a TOUKA IIepeceueHus ¢ 3alamHoi
M, M, YACTBIO MCTHHHOTO FOPM30HTA — TOYKOM
3ax0ia CBeTHJa.
Q Haa Comuna u JIyHBI, UMEIOIIIUX 3aMeT-
Hble BUAUMBIE PasMephl, BOCXOIOM (MU 3a-
Ps My XO0J0M) CUUTAETCA MOMEHT IIOSABJIEeHUA (U
WCUE3HOBEHNA) HA TOPU30HTE BEepXHEH ToU-
PucyHok 17 — KynbmuHauna KH Kpasd AUCKa.
ceeTun Hesaxogpamue 3Bé3abr (puc. 17) BugHBI
B BepxHeit (My, M3) u umxuenr (M, M3
KYJbMUHAIIUAX. ¥ BOCXOIANINX U 3aXONAININX 3BE3J HUKHAA KYJIbMUHAIIUA
(M) IpoXOOUT MOJ TOPU3OHTOM. ¥ HEBOCXONAIUX 3BE3] 06e KyJIbMUHAIIAN
M, u M, HeBUIUMBI, T. €. IIPOUCXOAAT IO TOPU3OHTOM.

Haiiném BbICOTHI 3BE31 B BepXHEel M HUMKHEH KYJIbMUHAIINAX.

Tar KaK KyJbMUHAIIAA CBETUJ IPOUCXOAUT IIPHU IlepeceueHnr HeOecHOTo
MepUAraHa, TO IIJIOCKOCTh puCyHKa 17 coBmajaeT ¢ IJIOCKOCTHIO HeGeCHOTO
Mmepuauana. CyTouHbIe IIyTH 3BE3] M300PaKaloTCA OTPE3KaMU, Mapajljiesb-
HBIMU HebGecHOMY 3KBaTopy Q. IlycTh 3Be3[a HaXOAUTCA B BePXHEN KyJb-
muHanuu M. BeicoTa mojiioca Mupa paBHa reorpaduueckoii mupore ¢. Kak
BUAHO 13 pucyHKa, £ SOQ pasern 90° — ¢ u mpezacraBigeT cOo00U HAKJIOH
He0ecHOro dKBaTopa K ILJIOCKOocTu ropusoHTa. Iyra SM; (waum £ SOM,) —
9TO BBICOTA CBETHMJIA HAJ TOPU3OHTOM. JTa Ayra COCTOUT M3 CyMM JIBYX AVT:
SM; = SQ + QM. Kak BugHOo U3 pucyHka, agyra S pasHa 90° — ¢, a ay-
ra QM oupenendaeTcsa BeJIUUYNHON CKJIOHeHUA 3Be3Abl 0. Ilomyuum dpopmyry
IJIsT OIIpeaeJieHns BBICOTHI 3Be3Ibl B €€ BepxXHell KyJIbMUHAINN:

hp = (90° — @) + &. (1)

1A He3axomdAIneil 3Be3abl HIMKHAA KyJIbMuHanua My nsMmepsercsa Ayroi
NM, unu coOTBETCTBYIOIIUM I€eHTPAJIbHBIM yriioM (£ NOMJ'). YKasauHBIN
yTroJI, KaKk BUIHO M3 PUCYHKA, PaBeH PA3HOCTM O — CKJIOHEHWSA CBETUJIa U Be-
auauHb (90° — ¢) — HaKJoOHa HEOECHOTO 9KBaTopa K ILJIOCKOCTU TOPUBO0HTA.
3HauuT, BHICOTA 3Be3[bl B HUKHEN KYJIbMUHAIMM PaBHA:
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hyg =38 —(90° — o). (2)

Ecnu 00e KynbMUHAIUU HE3aXOIAIIEH 3BE3IbI HAXOAATCA IO OOHY CTO-
pouy oT 3eHura (Hanpumep, M3 u M3), TO €é BepXHAA KYJIbMUHAIIUA OIpPe-
nensiercd us coorHommenus: hg = 180° — [(90° — @) + 6], wim mociue ymporre-
HUS:

hg = 90° + ¢ — &. 3)

Cootnotterus (1—3) cBA3BIBAIOT reorpa@UUecKyio IITUPOTY C BBICOTOMN U
CKJIOHEHHMEM 3BE3J BO BpeMs UX KyabMuHaInmu. OTMETHM, 4TO HAa puCyHKe 17
a3uMyThI 3BE3N B BepxHel KyabMmMuHamum M; u M, paBHBI 0°, a a3UMYTBI
3BE31 B HUKHeN KyabMmuHanuu M, u My paBubl 180°. AsumyTsl 3Be31bI M3
B BepXHel M HM:KHeH KyJbMHUHAIIUAX paBHBI 180°.

2. OnpepeneHne reorpadpnyeckoin WMPOTbI MO aCTPOHOMUYECKNM Habio-
peHmam. ITpu cocTaBiennu reorpauuecKux U TOmOTpapUIecKUxX KapT, HIPO-
KJaJKe AOPOT M MarucTpajieii, pasBefkKe 3ajiekell IOJEe3HBIX MCKOIaeMBbIX
U B pdAle APYTUX CJAydaeB HeoOXOAMMO 3HATH reorpaduiecKkue KOOPIUHATHI
MECTHOCTH. OTy 3aJauy MOYKHO PEIINUTh C IIOMOIILI0 ACTPOHOMUYECKUX Ha-
oromeHnii. PaccMOTpUM IIPOCTEHIIIIE CIIOCOORI.

Ilepesvtii cnoco6. OnpenenuTsh reorpa@rUUecKyo MIUPOTY MOKHO M3 HaOJI0-
neuus IlonapHoit 3Be3abl. Ecau cuurarh, uto IlonsspHas 3Be3ma yKasbIBaeT
CeBepHBIH IIOJIIOC MUPA, TO IPUOJIMIKEHHO BhIcoTa I1oJAPHON 3Be3abI HAJ I'O-
PUB0HTOM JIa€T HaM reorpaduduecKyo MINPOTY MecTa HaOmogenus. Eciu us-
MepuTh BhicoTy IlonApHO 3Be3bI B BEPXHEN 1 HUMKHEN KYJIbMUHAIIMAX, TO
moJyuyuM OoJjiee TOUHOE 3HAUEHME IITHUPOTHI MeCcTa HaOII0geHU:

_hpt+hy
2

ITo paBeHCTBO moJjiyuyaeM u3 paBeHCTB (2) u (3). Popmynaa (4) npurogua
[JIS BCEX HE3aXONAIUX 3BE3[[, Y KOTOPHIX BEPXHAA U HUKHAA KYJIbMUHAIIUU
HaxXOAATCA IO OAHY CTOPOHY OT 3€HUTA.

Bmopoii cnoco6. OnpeneauTs reorpa@uuecKyio MINPOTY MOMKHO 13 HaOJIIO-
IeHUA BepxHell KyabMuHanuu 3BE€3xn. Vs paserncts (1) u (3) mosyumm, 4To

. (4)

¢ =90 £ (90° — hp). (9)

3HaK «+» CTaBUTCA, €CJIU 3Be3la KyJIbMUHUPYET K IOTY OT 3€HNUTA, a 3HAK
«—» — TIPU KYJIbMUHAIIUM 3BE31bl K CEBEPY OT 3€HUTA.
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T'1aBHBIE BBIBOIBI

1. KyabMuHanmmusa — 9TO ABJIEHNE IIPOX0KIEHNs CBETUJIA uepes He-
OecHBIIT MepUInaH.

2. TeorpauvecKyio IIIUPOTY MOKHO OIPEIEIUTh II0 HAOIIOAeHUAM
kKak IlonsapHOoIi 3Be31bl, TaK M BePXHEH KYyJbMHUHAIINU 3BE3].

@ KoHTponbHble BONPOChI 1 3afjaHNA

1. Uto Takoe KynbmunHauua ceetuna?

2, Kakune TOYKM Ha3blBalOTCA TOYKaMM BOCXOAA U 3axofda cBeTuna?

3. Hangute uHTepBan CKNOHEHWUI 3BE3[, KOTOPble Ha AAaHHOW WMPOTE: a) HMKOr4a He
BOCXOAAT; 6) HMKOrAa He 3axofAT; B) MOrYT BOCXOAUTb U 3axofuTb.

4, Kak M3MeHATCA Npu CYTOYHOM [BWKEHMM CBETWMA €ro BblCOTa, MPAMOE BOCXOXKAE-
HUe, CKNIoHeHue?

5. OnpegenuTte reorpaduryeckyio WMPOTY MecTa HabnogeHns, ecnv 3Be3fa Bera npo-
XOAUT yepes TOYKY 3eHuTa.

6. Kak nprbnxeHHO onpenennTb reorpadpuryeckyio WMPOTY MecTa, Habnopas 3a MMo-
nApHon 3Be3gon?

§ 5. UsmepeHne BpemeHun.
OnpepeneHue reorpadpunyeckon JONroTbl

1. UamepeHne BpemeHn. Bea Harmma sKu3HBb CBA3aHa CO BpeMeHEM U pe-
ryJupyeTcsa NepuoguuecKoll CMeHOM JHA M HOUU, a TaKiyKe BPeMEH roja.
Ha sTux mpupoaHBIX MOBTOPAMOIUXCA IBJIEHUIX 0a3UPYIOTCA OCHOBHBIE €TH-
HUIIBI U3MepPeHUuA BpPeMeHW — CYTKHU, MecdAl, rox. Illupoxo mcmombsyemas
eIVHUIIA OJIA U3MepPeHus BpeMeHN — CYTKHM — CBS3aHa C IIepUOoJOM Bpaillie-
Husa 3eMJI1 BOKPYT CBOelil ocH.

MowmeHnT BepxHeii KyabMuHaluu meuTpa CoJsiHIIa HA3BIBAETCS MCTHHHBIM
MOJIAHEM, MOMEHT HIKHEeN KyJbMHUHAIIUM — HCTHHHON IMOJHOYbI0. IIpoMme-
JKYTOK BpPeMEeHU MEXKIy ABYMs II0CJIe0BATEeIbHBIMU OSHOUMEHHBIMU KYJIb-
MuHanuAMHU 1meHTpa CojHITa Ha3bIBaeTCs MCTHHHBIMHU COJTHEUHBIMHM CYTKAMMU.
Bpewms, mporeaiiiee oT MOMeHTa HUMKHEN KyJbMUHAIIUMY IIEHTPA COJTHEUHOTO
IVCKa 0 JII00OTO APYTOro ero IIOJIOKEHUS Ha OLHOM M TOM :Ke reorpaduue-
CKOM MepuAuaHe, Ha3bIBAeTCs MCTHHHBIM COJHEeYHBIM Bpemenem (T',).
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Heo6x0oquM0O OTMETUTh, UTO MCTHUHHBIE COJHEUHBIE CYTKHU MEePUOLUUECKU
MEHSAIOT CBOIO IIPOJOIKUTEIHLHOCTS. ITO BBI3BIBAETCS ABYMA IIPUUYNHAMU: BO-
MEePBBIX, HAKJIOHOM ILJIOCKOCTH SKJIUMNTUKU K ILIOCKOCTH He0ecHOro 9KBaTopa,
BO-BTOPBIX, SJINOTHUYECKOI (hopmoii opbuThl Seman. Korga 3emiisa HaXOTUTCA
Ha yYacTKe 3JIJIUIICA, pacioJioxkenuoMm Oimxe K Cosnity (Ha puc. 18 sro mo-
JIOXKeHNe ITOKAa3aHo cJjeBa), TO OHA ABUKeTcA ObicTpee. Uepes mosroxa 3eMJis
OKaKeTcsI B IIPOTUBOIIOJIOMKHOM YAaCTH SJIIUIICA U OyIeT IIepeMelaThbCs II0 Op-
ouTte MmemyieHHee. HepaBHOMepHOe ABMKEHME 3eMJIM II0 CBOEH OpO1Te BBLI3LIBA-
eT HepaBHOMepHOe Buaumoe mepemelrienne CosHIIA o HebecHOM cdepe, T. e.
B pasHoe BpeMs roga CoJsiHIEe mepeMelaeTcs ¢ pasJIndHoOl CKopocThio. I1oaTo-
MYy IPOIOJI:KUTEIBHOCTh UCTUHHBIX COJTHEUHBIX CYTOK IIOCTOAHHO MEHAETCS U
IIOJIb30BaThCA MU B KauecTBe eIUHUIILI U3MepPeHUus BpeMeHUu Heymob6Ho. ITo
9TO¥ HMpUUYWHE B IMOBCEIHEBHOM JKU3HU WCIOJIb3YVIOTCA HE MCTUHHBIE, a CPel-
HUE COJIHEUHBbIE CYTKU, MPOIOIKUTEIbHOCTh KOTOPBHIX IIPUHSATA IIOCTOSHHOMN.
VYcranaBauBaOTCA OHU II0 ABHKEHHUIO CPeIHEero sKBaTopuaabHoro ComHma —
BOoOOparkaeMoO TOYKM, KOTOpad ABUKETCA PAaBHOMEPHO II0 HEOECHOMY 3K-
BATOPY U B TOUKAX BECEHHEIr'0 M OCeHHEro PaBHOJEHCTBUS COBIIAJAET C IeH-
TpoMm mcTuHHOTO CoJsHIla. BepxHI0OI0 KYJIbMHUHAIIAIO CPESHEr0 KBATOPHAJIDb-
Horo CoJIHIIA HA3LIBAIOT CPETHUM IOJITHEM, a IIPOMEKYTOK BPEeMEHU MEKIY
IBYMSA IIOCJIEJOBATEIbHBIMUA CPEIHUMU IIOJAHAMU — CPEIHUMH COJTHEUHBI-
MHu cyTkaMu. [Ipomo/xuTeIbHOCTS, UX Beerjga oguHakoBa. CpeqHue COJIHEU-
HBbIe CYTKHU OesAT Ha 24 uaca. KasKIbIM yac cpeaHero COJHEUHOTO BpeMeHU
B CBOIO ouepenb geauTcda Ha 60 MuHYT, a Kaxkgad MuayTta — Ha 60 ceKyHI.
3a HauaJo CpeJHUX COJHEUHBLIX CYTOK IPUHUMAETCS CPegHAA IMOJIHOYb, T. €.
MOMEHT HIIKHEH KyJIbMHUHAIINK CPeaHero skpaTtopuajbHoro Comuia. Bpems,
MIPOTEKIIIee OT MOMEHTA HUKHel KYJbMUHAIINU CPeIHero SKBAaTOPUAJILHOTO
CouHIla 10 J1000T0 APYTOTO €T0 MOJOKeHUA Ha OAHOM U TOM JKe reorpaduue-
CKOM MepuAnaHe, HasbIBAETCA CPEIHMM COJIHeYHbIM Bpemenem (T'.,).

<—\

147 MIH KM 152 MITH KM

30,3 Km/c 29,3 Km/c

\>

PI/ICYHOK 18 — anIqI/IHbI N3MeHeHNA ANUTeNbHOCTN UCTUHHDIX COJIHEYHbIX CYTOK
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PaszocTh MeKAy CpeOHUM COJHEUHBIM BpeMeHeM M MCTHUHHBIM COJIHEeY-
HBIM BpeMeHeM B OJWH M TOT K€ MOMEHT Has3bIBaeTcsA ypaBHeHHEM BpeMe-
Hu. OHO OOO3HAUaeTcda rpeveckoil OyKBOI 1. MokHO 3amucaTh ciemyroliee
PaBeHCTBO:

nzTcp_T

o

BesnuunHa ypaBHEHUSI BPEeMEHU 1| OOBIYHO TMPUBOJUTCA B aCTPOHOMUUE-
cKuX KajeHgapax. [IpubinsureabHO €€ MOMKHO HalTu mo rpaduky (puc. 19),
U3 KOTOPOTO BUIHO, UTO YETHIPE pasa B IoJi ypaBHEHNE BPEMEHU 1) PABHO HY-
JIF0. ITO IPOUCXOAUT IpuMepHO 14 ampens, 14 urousa, 2 ceHTsabpsa u 24 nexa-
Opsa. YpaBHeHUe BpeMeHU 1 MIPUHUMAaeT HauOOJIbIIINe YNCJIEeHHBIe 3HAUEHUS
okoJyo 14 despansa (n = +14 muH) u 3 HOA6pA (N = —16 MuH).

Pasznnuator Tax:ke 3Bé3mHBbIE CyTKH (0Ko0Js0 23 u 56 Muu 4 c). 3BE3gHEIE
CYTKHU PABHBI IIPOMEKYTKY BpeMeHH MeKAY OBYMS IOCJIeLOBATEJIbHBIMU O~
HOMMEHHBLIMHU KYJbMUHAIINAMUN TOUKM BECEHHETO PaBHOJEHCTBUSI. MoMeHT
BepxHel KyJIbMUHAIIUNA 9TON TOUKM, IPUHUMAEMBIH 3a HaUaJIO 3BE3MHBIX CY-
TOK, cunTaercsa 0 yacoB 3BE3AHOTO BpeMeHU. BpeMms, MPOTEKIIIEe OT MOMEHTA
BepxXHel KyJIbMHUHAIIMY TOUKY BECEHHETO PAaBHOIAEHCTBUA OO JIIOOOTO IPYro-
To eé MOJIOXKeHUs Ha OJHOM M TOM JKe reorpaduuecKoM MepuanaHe, Ha3bIBa-
eTcs 3BE3THBIM BpeMeHeM.

2. OnpepeneHue reorpaduyeckonn gonrortbli. lamepeHue BpeMeHU COJI-
HEUYHBIMM CYTKaMU CBSBaHO C reorpadmiyecKuM MepuauaHoMm. Bpemsa, mus-
MepeHHOe Ha JaHHOM MepuAuaHe, HA3hIBAETCS MECTHBIM BpeMeHeM TaHHO-
ro MepHMAMaHa, ¥ OHO OJMHAKOBO AJIA BCeX IYHKTOB, HAXOAAIUXCA HA HEM.
Kynsmunanusa aio60ii Touku HebecHOM cdephbl MPOUCXOMUT B pPasHOe BpeMsd

+15 MuH 124 15 muH
I~

+10 MUH 12 4 10 MWH
+5 MUH / 12 4 05 MWH

0 12 4y 00 mnH

-5 MUH ~ / 11 4 55 MUH

—+10 MuH / 11 4 50 mnH
—45 MmuH / 11 4y 45 muH

—20 MUH 11 440 MnH
[0 v v vEvIEVIEIX X XX

PucyHok 19 — lpaduk ypaBHEHUA BpemMeHun
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Ha pasHbLIX MepHAMaHaXxX 3eMHOro mrapa. IIpruém, uem BocTOUHee 3€eMHOM Me-
puaMaH, TEM PaHBINIE B IIYHKTAX, JEKAIIUX HA HEM, IIPOUCXOAUT KYJIbMUHA-
IUA WJIN HAUMHAIOTCA CyTKU. TaK Kak 3eMJid 3a KasKAbI yac MOBOpauMBa-
ercsa Ha 15°, To pa3HOCTH BpEMEHM ABYX NYHKTOB B OJWH YaC COOTBETCTBYET
U pasHocTH goaror B 15° (B wacoBoit mepe 1 uac). Orcioza MOKHO CIeIaTh
BBIBO/]: PA3HOCTh MECTHOT'O BPEMEHU ABYX MYHKTOB Ha 3eMJie YMCJIEHHO PaB-
Ha pasHOCTU 3HAUYEHUM [IOJITOTHI, BHIPA’KeHHBIX B yacoBoii mepe. Ind myH-
KTOB 3€MHOU ITOBEPXHOCTH, PACIIOJIOKEHHBIX Ha reorpaguuecKux AOJITOTAX
AL ¥ Ay, IOJIyUUM:

T7‘1 - Tlg = 7\,1 - 7\42. (1)

3a HavyaJbLHBIA (HYJIEBOM) MepUAMAH IJs OTCUETA reorpaduyuecKoi moJI-
rOTHI MIPUHAT MEPUINAH, IPOXOAAIIUH uepe3 I'pPHHBUUCKYIO 00CEPBATOPUIO
o3 Jlormoua. MecTHOe cpefHee colHeuHOe BpeMs ['pMHBUUCKOTO MepUara-
Ha HasbIBaeTCsA BCEMHPHBIM BpeMeHeM. Bce curHajbl TOUHOTO BPEMEHU COOT-
BeTCTBYIOT MUHYTAM U CEKYHJaM BCEeMHUPHOTO BpeMeHU’. B acCTpOHOMHUECKUX
KaJleHIapAX U eKerOJHMKAX MOMEHTHI OOJBIIMNHCTBA ABJIEHUN YKa3bIBAIOT-
cA IO BCeMUPHOMY BpeMeHU. MOMEHTHI 3TUX SIBJEHUI 110 MECTHOMY BpeMe-
HU Kakoro-jimbo MyHKTAa JIETKO ONpPEeAeUTb, 3HAA MOJITOTY STOTO IIYHKTA OT
T'punBuua.

Eciu B maHHBIM MOMEHT Ha I'DMHBMUYCKOM MePHUAMAHE BCEMHPHOE BPeMsd
oynetr Ty, To B MECTHOCTH ¢ reorpadudeckoit goaroroit A oyzer T,. CiemoBa-
TesqbHO, hopmyna (1) npu Ay = 0 mpumer Buxm:

A =T, — To. (2)

Hannas opMyJa mMO3BOJIAET HAXOAUTH reorpaduuecKyio IOJTOTY II0 BCe-
mupHoMy BpeMeHu (1)) u mectHOMY BpemeHnu (T;), KOTOpoe ompeaeigeTca U3
ACTPOHOMMYECKUX HAOJIIOJECHUIA.

C mpyroii CTOpPOHBI, 3HaA MOJITOTY MecTa Habaogenua (L) U BceMUpPHOE
Bpema (T'y), MOKHO ompeeauTh MecTHoe BpeMs (T ):

T}L=T0+}\..

Pasnnune Me:KIy MECTHBIM BpeMeHeM [Ja)ke He OUeHb JaJIeKO PaCIIoJo-
JKeHHBIX JIPYT OT APyra HACEJEHHBIX MYHKTOB CO3JAET HEeyZ0oOCTBA B IIOBCE-
IHeBHOI xusHu. Tak, HanpuMep, MecTHOe BpeMsi B Bpecte u Butebcke oTiu-
yaercsa Ha 26 muH. JKuTenau sTuX ropomos, mpueskas APYT K APYry B I'OCTH,
IOJIXKHBI OBLIM OBLI IIOCTOSAHHO IIEPEeBOAUTEL CTPeJIKHU YacoB. OTciofa BOZHUKJIA



32 Paszgen Il. OCHOBbI NPaKTUYECKOW acTPOHOMMM

Heo0XOIMMOCTh BBeJeHUs MOSICHON CHMCTeMBbI cuéTa BpemMeHu. CoryiacHO 3TOoit
cucTeMe, BeCch 3eMHO IIap pasmesiéH Ha 24 4acOBBIX IT0sCA, KAMKIBIA M3 KO-
TOPBIX MpPOCTHpaeTcA Mo pouarore Ha 15° (mam 1 u). Hacoroii mosic 'puuaBUY-
CKOTO MepuauaHa cuuTaeTca HyJeBbIM. OCTaJIbHLIM II0SCAM B HaIpaBJIeHUU
OT HYJEBOTO Ha BOCTOK IPHCBOeHBI HOMepa oT 1 mo 23. B mpemenax omHO-
o MmosiCa BO BCeX MYHKTAX B KAXKIbIM MOMEHT IIOSICHOE BpPeMs OJMHAKOBO.
B cocegHux moscax OHO OTJIMYaeTCsS POBHO HA OAWH Yac. ['paHUIIBI IIOSCOB B
MaJIOHACEeJIEHHBIX MeCcTaX, Ha MOPAX U OKeaHaX HPOXOAAT II0 MepHIuaHaM,
OTCTOANIMM Ha 7,5° K BOCTOKY M 3allajy OT IeHTPAJLHOTO MepHuAMaHa NaH-
HOI'0 YaCOBOTO II0sca. B ocTaJbHBIX pailoHAX I'PAHUILI MOSICOB IJIs OOJIbIIIE-
ro yaobcTBa IIPOBEAEHBI 110 TOCYAAaPCTBEHHBIM 1 aAMUHUCTPATUBHBIM I'DAaHU-
IIaM, TOPHBIM XpebTaM, peKaM U IPYTUM eCTEeCTBeHHBIM pyOesKaM.

3uaa BcemupHoe BpeMsa (7Ty) m HOMep mosca AaHHOTO MecTa (1), MOYKHO

HaWTH IIOACHOE BPEMs:
T,=To+n. 3)

HUckmrouur us dopmyn (1) u (3) Ty, mOSIyduM COOTHOIIIEHUE, TTO3BOJIA-
I0ITlee OIpeNesATh reorpaduUuecKy0 AOJTOTY o modcHomy BpemeHu (T',) u
BPEMEHMU JJIA MECTHOCTH ¢ reorpaduueckoii mosaroroi A (T)):

LTH—T;\=n—7u. (4)

B 1esAax 9KOHOMUHM U PAIMOHAJBLHOTO pPacIIpelesieHusa 9JIeKTPOIHEePTUN B
TeueHle CYTOK Ha JIETHUH IIepuoJ] B HEKOTOPBIX CTPaHaX BECHOI CTPEJNKU ua-
COB IIEPEBOJSAT Ha Yac BIIEPEN — BBOAAT JeTHee BpeMdA, a OCeHbI0 CHOBa Ha
Jac Hasas’d.

CyimecTByeT rpasuiia, OTKPHIBAIOIASA HOBYIO ATy U HOeHb Hemeau. Mex-
IyHapOIHAsS JUHHUA MepPeMeHbl JAT IPOXOAUT uepes BeprHIoB MPOIUB MEXKIY
octpoBamu Tuxoro okeana ot CeBepHoro moJoca 10 HO:xHOrO mostoca (Mepu-
mguaa 180°).

Bosee HaméKHBIM 1 yIOOHBIM BpeMeHEM CUMTAETCA aTOMHOE BpeMs, KO-
TOopoe OBbLIO BBemeHO MesKIyHapoOHBLIM KOMHTETOM Mep W BecoB B 1964 r.
3a 5TaJIoOH NPUHATHI aTOMHLIe (KBAHTOBBEIE) Yachkl. IIo TaKMM uYacaM CeKYH-
Ja — 3TO IPOMEXYTOK BPeMeHH, 3a KoTophlii mpoxoautr 9 192 631 770 xo-
JebaHmi BJIIEKTPOMATrHUTHOM BOJIHBI, M3JIydaeMoil atromoM 1e3usi. C 1 auBapa
1972 r. Bce cTpaHBI 3¢MHOTO IITapa BEAYT CUET BPEMEHU II0 ATOMHBLIM YacaM.

ATomHOe BpeMs OUeHb yAOOHO IJIA HMCCIeIOBAaHUSA 3eMJIU, IOTOMY UYTO C eTo
IIOMOIITBI0 MOKHO M3yUaTh HEPABHOMEPHOCTH BO BpAIleHUM HAINeH IIJIaHeTHI.
OmunbKa xoJa aTOMHBIX YacOB HeBeJauka — mpumepHo 1 ¢ 3a 50 Thic. Jer.
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3. Kanenpapb. Kanengaps — sTO0 cucre-
Ma cuéTa JJINTEeJbHBIX IIPOMEKYTKOB Bpe-
MEHM, B OCHOBE KOTOPOI JIeKaT Imepuomgude-
CKIle aCTPOHOMMUUYECKNE SABJIEHUA: BpallleHure
3eMJI BOKPYT OCH, U3MeHeHUe JYHHBIX (as,
oopaienne 3emuau BOKpyr Couanima. Jlrobas
KaJleHIapHas cCHCTeMa ONupaeTcs Ha TPU
OCHOBHBIE eJWHUILI N3MEPEHNsI BPpEeMeHM, a
VUMEeHHO: CcpeJHIle COJHEeUHbIe CYTKMH, CHUHO-
IuyecKuil (MM JYHHBINM) MECAI U TPOIuue-
CKUl (MJIU COJITHEUHBIHN) I'oJI.

CuHOOMYEeCKHUI MecCdAl — 5TO IIPOMEKY-
TOK BPEeMEHU MEXXIy ABYMS IIOCJIEJOBATEJIb-
HBIMU oguHaKoBbIMU (pasamu JIyunl. Ou paBen 29,5306 cyrox. Tpomuueckuii
rog — IIPOMEKYTOK BPeMEeHU MEXKIY ABYMs II0CJIeL0BATEIbLHBIMU ITPOXO0IK-
meHuamu 1euTpa CoJHIIa uepe3 TOUKY BeCeHHero paBHojeHcTBuA. OH paBeH
365,2422 cyrok. U3-3a MeAJIEHHOTO ABUKEHMWSA TOUKM BECEHHETrO PaBHOIEH-
crBusa HaBcTpeuy CoJHILY, BBI3BAHHOIO IIpereccueii, CoJHIlE OKa3bIBAETCS
B TOM »Ke TOuKe Heba OTHOCUTEJBHO 3BE3J Uepe3 IIPOMEKYTOK BPeMeHH Ha
20 muH 28 ¢ 6osbIINM, ueM Tponudeckuii rof. OH Ha3bIBAETCSA 3BE3THBIM TO-
IOM 1 COIepPKUT 365,2564 cpelHMX COJHEUHBIX CYTOK.

CuHoanuecKuil Mecsdll U TPOIHWYECKUH ToJ He COoAep:KaT IeJIOT0 UHCJa
CpPeJHUX COJIHEUHBIX CYTOK, IOSTOMY HEBO3MOKHO IOA00paTh TaKoe IeJioe
YHCJIO TPOIINYECKUX JIeT, B KOTOPBIX COAEPIKAoCh Obl IeJI0e YMCJI0 CUHOIM-
YeCKUX MeCAIEeB U I[eJI0e UMCJIO CPEeIHUX COJNHEUHEIX cyToK. CTpemyeHue co-
rJaacoBaTh MeKAY COOOM CYyTKI, MeCSIl U I'oJ IPUBEJIO K TOMY, UTO B PasHbIe
SIOXHU Y PA3JUUYHLIX HAPOAOB ObLIO CO3MAHO MHOI'O BHAOB KajleHAapeil, KOTO-
pBle MOKHO YCJIOBHO Pas3fejINTh Ha TPHU THUIIA: JYHHBIE, JYHHO-COJHEUHLIE 1
cosneunbie. Ha pucynke 20 mokasaHo MexaHHUecKoe IIpucIiocobjenune, co3-
IJaHHOE IpeBHErpeuecKMMH acTpoHoMamu Bo II B. mo H. 3. mjd pacuéra ABU-
sKeuusa Jlyusl, ConHIla 1 ILIaHET B KaJEeHIAPHBIX IeIAX.

B syaHOM KaneHmape ron aesuTcs Ha 12 MecsAleB, COMEPIKAINX IIOIePeMEeHHO
30 nmnu 29 cyrok. Beero B syHHOM KanmeHgape 354 miu 355 cpelHMX COTHEUHBIX
CYTOK, T. €. OH KOpoue COJIHEUHOTro rofa mpumMepuo Ha 10 cyToK. OTOT KajleHIaphb
HOJYUMJ IITHPOKOe PacIpocTpaHeHre B cTpaHax Biamkxmero BocToka u mpuUHAT
B COBPEMEHHOM HCJIaMCKOM Mupe. V3-3a TOro uTO JIYHHBIA I'OJ MMeeT MEHLIIIe
IHEH, yeM TPOIIMYECKU, Y MyCyJIbMaH HAUAJIO0 I'Ofa MOCTOSHHO IIepeMeIlaeTcs
IO ce30HaM I BBIIIAJAeT TO HA BeCHY, TO Ha JIeTO, TO HA 3UMY, TO Ha OCEHb.

PucyHOK 20 — AHTUKUTEPCKUI
MexaHn3Mm
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JIyHHO-CcOIHeUHbIe KalleHTapu HamboJjee CJI0KHBIE. B HUX cyMMa HEKOTO-
Poro KoimuecTBa JYHHBIX MeCAIEB HNPUOJU3UTEILHO COOTBETCTBYET ITPOIOJI-
JKHUTEJIbHOCTH TPOIIMYECKOr'0 r'ofa. B ocHOBe aTHX KaJeHAApeH JIEKUT COOTHO-
meHue: 19 comHeUHBIX JIeT PaBHBI 235 JYHHBIM MecsiaM (C OIITMOKOM OKOJIO
2 u). T'ox genutca Ha 12 MecsIeB, KayKAbIM 13 KOTOPLIX HAUMHAETCS C HOBOJIY-
HuA. B HacTosIee BpeMa TaKasa CHCTEMa COXPAaHWJIACh B €éBPEHCKOM KaJieH[a-
pe. Ou comep:xut 12 uau 13 MecsieB B rogy. IIpomoKUTeILHOCTh HEKOTOPBIX
MECSIeB KayKAbIN I'oJl MEeHAeTCs, HAYaJI0 rofia BCerga MPUXOAUTCA HA OCEHb, HO
He COBIIQJAeT C OJHOI M TOH »Ke JAaTOM I'PUTOPHUAHCKOrO KaJeHIapHd.

PumasHe mepBoHaAUaNbHO MCUMCIAIN BpeMA JYHHBIMU romamu. HoBwiit
rog HaumHajcA 1 mapra. 1o cuX mOp HEKOTOpPhIe MECAIhI COBPEMEHHOTO Ka-
JIeHIaps Ha3bIBAIOTCA B COOTBETCTBUU C TOIH TpaguUIMeil: CeHTAOph — «Celb-
MO », TeKaOpb — «JeCAThIii» u T. A. BrocaencTBuu IepBBIA JeHb rofa ObLI
ImepeHecéH puMJIAHAMU Ha 1 gHBapd, TaK KakK ¢ 153 r. 1o H. 5. B 9TOT [AeHb
BCTYIIAJIX B JOJI’KHOCTh KOHCYJIBI (puc. 21).

OaHUM 13 MEePBBLIX COMHEUYHBIX KajJeHAapeil cumTaeTcsa eruIeTCKUil, co3-
IaHHBLIA B 4-M ThIC. 10 H. 3. Ilo aTOMYy KajgeHmapio roja coctosaa usd 12 mecs-
mes mo 30 gHel B KasKIOM, a B KOHIle rofa A00aBJAJNOCH eIlé b mpasmgHud-

AVl »
AVl e
AVl =

AX ®

XXl e

AXll o
AAit o

AKXV e
XXVl e
XXVl o
AXvi e
XXV »
AXK @

PucyHoK 21 — [lpeBHMIN pUMCKNI KaneHpapb
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HbIX AHeii. CoBpeMeHHbIN KajJeHaaph OepeT HAYAJI0 OT COJIHEUHOTO PUMCKOTO
KaJleHIapdA, MoABUBIIEroca B pesyJjbraTe pedopmbl HOnua Ilesaps (orcioma
ero HasBaHMWE — IOJHAHCKMIT), mpoBeaéHHou 1 auaBapsa 45 r. mo H. 3. Cpen-
HAA IPONOJIKHTEIbHOCTL I'0Ja, COTJIACHO 3TOMY KajleHAapio, ObLIa paBHA
365,25 cyTOK, YTO COOTBETCTBOBAJIO M3BECTHON B TO BpPeM:A AJUHE TPOIUUE-
ckoro roga. Ilyis ymoGcTBa Tpu rofa MOAPAIL cUuUTau o 365 mmeii, a HA YeT-
BEPTHIN (BUCOKOCHBIN) N00ABIAAIN JUITHME cCyTKU — 366 mueii. ['ox cocrosan
u3 12 mecsdnes: HeuéTHbIe MecAllbl — 31 meHb, yuéTHble — 30 OHEHN; TOJIBLKO
(deBpaJb IPOCTOr0, HEBUCOKOCHOTO, I'oJla coAep:kaJ 28 mHeii.

BceaencTBue TOTO YTO HPOMOJIKUTEIBHOCTL IOJMAHCKOTO Tofa AJIMHHEe
Tponuyeckoro Ha 11 mumu 15 ¢, 3a 128 jer HakamamBaJyiach OIIUOKaA B Iie-
Jble cyTKH, a 3a 400 jeT — 0Ko0J0 Tpéx cyToK. C TeueHMeM BpeMeHU KaJeH-
Iapb 3amasgbIBaJl BcE Ooibiie u OoJbie. IlosTromy B KoHIle X VI B. Becenuee
paBHOAeHcTBMe HacTymaJyso He 21, a 11 mapra. Ommubka Oblja MCIIpaBJie-
Ha B 1582 r., xorga ryiaBa KaToJamuecKou 1epksu mamna I'puropuii XIII cos-
JaJ cIelaJIbHYI0 KOMHCCHIO IO pedopMe KajdeHaaps, IePeIBUHYBIIYIO CUET
nHeit Ha 10 cyTOK BIIEpEJ M BEPHYBIIIYIO BeCEHHee paBHOAeHCTBUe Ha 21 map-
Ta. McupaBiieHHBIA KajJeHJaph MOJYyYNJ Ha3BaHNE TPUTOPUAHCKOTO KaJieHaAa-
pa UM KajJdeHIapa HOBOTO CTHJIA. B uecTh ero BBeleHUs ObLIa OTUEKAHeHa
naMATHasS Memansb (puc. 22). CucreMmy cuéTa BpeMeHHU IO IOJHMAHCKOMY Ka-
JeHIapio ceiiuac HA3bIBAIOT CTAPBIM CTHJIEM.

BucokocHBII TOm B IPUTOPUAHCKOM KajleHIape — KaiKIblil YeTBEPTHIH,
3a MCKJIIOUEHWEM T'OJIOB C IIeJBIM YMCJIOM cTojieTuit (Hampumep, 1700, 1800).
Taxoii roJ cUUTaeTCsA BUCOKOCHBIM TOJLKO TOT/A, KOTJA UMCJIO COTEH JeJINT-
csa Ha 4 6e3 ocraTKa.

PI/lcyHOK 22 — Mepanb, BbinyweHHaA B NaMATb O BBeA€HNN TPUropnaHCKOro KaneHpapAa
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B Poccum sToT Kaseumaph Obla BBemeH co cpenbl 31 auBapa 1918 r. Cie-
IYyIONIuil meHb y:Ke ObLT 14 (eBpasisg, Tak KaK K TOMY BpeMeHHU KaJleHZapHasd
pasHuIla Me:KIy HOBBIM M CTApbIM CTHJIEM JocTurJja 13 mHeii. 9TO pasamuue
B 13 cyTok Oymer coxpaHATbeA A0 15 despana 2100 r. mo ctapoMy CTHJIIO,
uiu go 28 despansa 2100 r. mo HoBomy ctuiio. ITociie a3To¥ maThl OHO yBeJIH-
YUTCA HA OOHU CYTKHW U CTAHET paBHBIM 14 cyTKam.

T'puropmaHcKuii KajleHAapHBIN ToJ AJUHHEEe COJHEUHOTOo roga Ha 26 c.
JIuiuame cyTKM HAKOOATCA TOJABKO B L B. H. 9., IOTOMY YTO PasHUIIA B OJUH
IeHb HaOeraeT 3a 3280 Jer.

Heob6xoamMo oTMeTHUTH, UTO ¥ I'PUTOPUAHCKUNA KaJeHIaph He JIUIIEH He-
JIOCTATKOB: HEOAMHAKOBAs IPOJOJIKUTEILHOCTh MeCAIleB, HepaBHbLIE KBapTa-
JIBI, HECOTJIACOBAHHOCTD UMCEeJ MeCSAIeB ¢ JHAMU HeIesu.

MHOT0 BOIPOCOB BBLI3BIBAIOT 1 MPUBBLIYHLIC HA3BAHUSA MecAlleB. Tak, MI0Ib
Ha3BaH B IMaMATh 0 puMcKoM umieparope IOnuu Ilesape, aBrycT — B 4ecThb
pumMmckoro umieparopa OkraBuaHa ABrycra. OcTajabHbIe MeCSIIbI KaJleHIaps
MMOJIYUYMJIA CBOW HA3BAHUA IIO-PA3HOMY: HaIpUMep, SHBAPb — B YeCTh PUM-
ckoro 6oora fAnyca, peBpasib — B UeCTh €KETOJHBIX A3BIUECKUX O0PSATOB OUM-
II[eHnsI, MapT — II0 uMeHu 6ora Mapca, maii — 6oruuu Maitin, uioHbL — 00-
ruau IOHOHBI. HasBaHusa «CeHTAOPL», «OKTAOPL», «HOAOPH», «IeKaOpPb»
IIePeBOIATCA C JATHHCKOT'O SI3bIKA COOTBETCTBEHHO KaK «CeIbMOM», «BOCH-
MOIi», «IE€BATBIN», «JECATBIN» M B HACTOSIIee BPpeMA He COOTBETCTBYIOT 3TOM
HyMepaIuu.

Kpome cuéra mecsieB B rogax, cjieayeT BECTU CUET U caMUM romam. [asa
9TOM IeJW M3APEeBJie MCIIOJIb30BAJUCH 9PbI, T. €. AJUTEJbHBIE IIPOMEKYTKU
cuéra JieT. PO HaA3LIBAETCA HCXOAHBIN IIYHKT KaMKIOTO JIETOUCUMCICHMUS.
Y pasHBIX HapOJOB 3PbI OLLIN PAa3HbIe U CBA3LIBAJINCH C KAKUMU-JIN00 3HaMe-
HATeJbHBIMU COOBITUAMHK WJIU C TOJAAMHU IIPABJCHUS Iapeil U MMIIEPATOPOB.

B Pume mcnosb3oBasach 9pa oT ocHoBaHuA Puma (753 r. 10 H. 9.) U CUéT
TOJI0B OT HasHAUeHUs KOHCYJIOB. B cpenmeBeKoBoii EBpoire ObLia paciupocTpa-
HeHa spa JluoKJeTHnaHa, CUUTABIIASICA OT BOCIIECTBUA HA IIPECTOJI MMIIePaTo-
pa Huoxieruana (29 asrycra 284 r. H. 3.). OHa mpuMeHAgach 10 XV B.

B IIpeBueit I'penun npumensanacs spa Onumnuan (Hayaao 776 r. 1o H. 9.).
OsuMnuanbl TPOBOAUJINCH Pa3 B UeThIpe roja.

Wynew oTCUMTHIBAIOT HAUAJIO SPHI OT COTBOpPeHUA Mupa — oT 3761 r. 1o H. 3.

XpucTraHe UCIOJIb30BaIN 3Py OT COTBOPEHUA MHUPA, MIPUHIMASI HAYAIO0 B
5508 r. mo H. 5. Ipy or Poxkgectsa XprcToBa PaACCUMTAN HAICKUHA apXuUBa-
puyc Huonucuit Manbiii B 525 r. On npupasuax 248 r. spel [lnokgeTuana K
532 r. or po:kgenua Xpwucra. Ipa oT PoxxkmecrBa XpucroBa, UJIN HOBasa 3pa
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(mama spa), YaCTUUYHO Haydajia IPUMEHATHCA ¢ X B., a IIOBCEMECTHO B KAaTO-
JuvecKux cTpanax — Juildb ¢ XV B. B Poccuu ona 6b11a BBemena B 1700 r.
ykasom Iletpa I, coraacuo Kotopomy mociae 31 mexkabps 7208 r. or corBope-
Hua mupa Hactynuiao 1 aaBapa 1700 r.

MycyabpMaHe BCEro MHpa MCIOJB3YIOT CBOIO 3Py, KOTOPas Ha3bIBAeTCH
XUOAKpPa U BeJET CUET JIeT OT AaThl IepecejieHuUs IIpopoka Myxammena uas
Mekku B MequHy, UTO IPOU3OIILIO B cCeHTAOpe 622 r. H. 2.

I'naBHBIC BBIBObI

1. IIpoMe:XKyTOK BpeMeHU MeXKAY ABYMSA MOCJIeIOBATEJIbHBIMU OI-
HOVMEHHLIMU KYJIbMHUHAIIUAMMU II€HTPa COJIHEYHOI'O NJVMCKa Ha OJHOM M
TOM Ke reorpa(pmuecKoM MepuUAVaHe Ha3bIBAe€TCA HCTHUHHBIMHU COJHEU-
HBIMHU CyTKaMMH.

2. N3-3a HEePaBHOMEPHOCTHU MCTHMHHBIX COJIHEYHBIX CYTOK B IIOBCE-
ITHEBHOH JKU3HU HCIIOJL3YIOTCS CPeSHIE COJTHEUHbIe CYTKHU, IMPOLOJIMKI-
TEJbHOCTH KOTOPBIX IIOCTOSHHA.

3. 3BE3aHbIe CYTKN — IMPOMEKYTOK BPEMEH! MEKIy OBYMs IIOCJIe-
AJOBaTE€JIbLHBIMHA OI[HOI/IMéHHbIMI/I KYJbMUHAIIXUAMU TOYKHW BECEHHEI'O paB-
HOJEHCTBUS HAa OJHOM M TOM K€ reorparuecKoM MepHUIHAHE.

4. T'eorpapuueckas JOJTOTa JAHHOM MECTHOCTH OIpPEeAeJIAeTCs pas-
HOCTBIO MEX Ay MECTHBIM 1 BCEMUPHBIM BPEMEHEM.

5. KajeHmaps — 5TO cucTeMa CUETa AJINTEJbHBIX IPOMEKYTKOB Bpe-
MEHH, B OCHOBE KOTOPOI1 JIesKaT IMePUOIUUECKIIe ACTPOHOMUYECKHUE SB-
JeHns. MBI JKUBEM II0 TPUTOPUAHCKOMY KaJIeHIapIo.

KoHTponbHble BONPOCbl U 3agaHunsA

1. Yem oTnmyatoTca NCTUHHbIE COMTHEYHbIE CYTKU OT CPedHUX COMTHEYHbIX CYTOK?

2. YTO Ha3bIBalOT 3BE3AHBIMK CyTKammu?

3. Yto noHMMaloT noA ypaBHeHWeM BpemeHn?

4., Y10 NOHMMAIOT Noj BCEMUPHLIM BPEMEHEM?

5. B 8 4 00 MWH FPUHBUNYCKOrO BPeMeHW onpegenunn us HabnogeHmin ConHua 10 4
13 MUH cpefHero cofiHeyHoro BpemeHu. Kakosa reorpaduyeckasa gonrota mecTa
HabnogeHna?

6. Hangute pasHuly B cpefHeM CONIHEYHOM BpeMeHUn AfiA ropofos lpogHo n Morunés.
7. YTo noHMMAIOT NOA NMHWEN nepemeHbl fat? [he oHa npoxogut?

8. HasoBuTte KaneHgapHble cncteMbl. Ha Kakux npyvHUMMiax oHU CTpoATca?

9. B uém CoCTOMT OTNNYME TPUFOPUAHCKOrO KasleHJapsa OT lofnaHCKoro?

10. Moyemy Hefb3a Co3AaTb aOCOMOTHO TOUYHBIN KaneHaapb?



ABUWXXEHUE HEBECHbIX TEN

§ 6. lennoueHTpuyeckan cuctema KonepHuka

1. Bugnmoe gBuvikeHue nnaHer. B 1peBHOCTH HEBOOPYKEHHBIM IJIa30M Ha-
OJIfogauch 5 APKUX CBETUJI, HOCTOAHHO IIePeMeIalol[UXCs OTHOCUTEIbHO
HETOIBUKHBIX 3BE3J co3Be3auii. [IpeBHUe I'PeKU Ha3BaJM STU CBETHUJIA ILJIa-
HeTtaMu (Tped. planetes o3HauaeT OJYKITAIONINIT) U JaJu UM COOCTBEHHBIE
nmeHa: Mepkypuii, Bemepa, Mapc, FOoutep u CarypH.

IlnaneTs!l Bcerga pacmojiarailoTcsa Ha HeOe HeZAJeKO OT SKJUITHKHU, HO B
orauune ot CosHita u JIyHBI BpeMs OT BpeMeHH MEHSIOT HallpaBJeHue CBoe-
ro aem:xenusa. OHU IIepeMeITanTcsa MeXKIy 3BE3TaMu B OCHOBHOM C 3amaza Ha
BocTOK (Kak Couniie u JIyua), coBepiias mpsamoe apu:keHue. OqHAKO B ompe-
IeJEéHHOe BpeMsd ABUIKEH!e IIJIaHeThl 3aMeIJIsIeTCd, U OHa HauMHaeT JBUTATh-
csA ¢ BOCTOKA Ha 3amaji, COBepIas MOMATHOe ABMKeHHe. 3aTeM BO300HOBJIS-

PucyHok 23 — Bupgumoe netneo6pasHoe ABmkeHne Mapca.
CocTtaBHas ¢oTorpadus, NonyyeHHasa B TeYeHMEe HECKOJIbKMX MecsLEeB
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eTcs mpsMoe ABuKeHue. Mlcxoas m3 3TOro, BUAUMBIN IIYTh KAMKION IIJIAHETHI
Ha He0OCBOZe — CJIOKHAS JIMHUA C MeTIAMU. ITa TPAEKTOPUSA K TOMY Ke
MeHsdeTCA OT IMKJIa K IIUKJY, B TeueHNe KOTOPOro IIJJaHeTa BO3BpAalllaeTcsd
MIPUMEPHO Ha ONHO U TO K€ MEeCTO cpenu 3BE3N (puc. 23).

2. Cucrema mupa MNronemen. Hanbosmee paHHMMU M3 M3BECTHBIX IIOIBI-
TOK HOCTPOEHIS CHUCTEeMbl MIPa IPUHAIICIKAT APEBHUM IpeKkaM — AHaKcHu-
MaHAPY, OMIIeOKJIy, EBIOKCY U Ip.

Bo II B. H. 5. Knasguii IlToneMeii, nCIONL3yA HAOTIOAEHUA U UOEU CBO-
WX TPEeIIecCTBEHHUKOB, a TaK:ke COOCTBEHHBIE, pa3padoTaj reomeHTpHUe-
CKYI0 CHCTEMY MHPa, ITO3BOJISBIIYIO BLIUNCIIATDL IIOJOMKEHUA IIJIAHET OTHOCH-
TeJILHO 3BE31 Ha Oyayllee BpeMsA U IPEACKA3bIBATh HACTYILJIEHWE COJTHEUHBIX
U JYHHBIX 3aTMeHui. IIToaeMeii cos3manm Moaeab, UCIOIL3YA OOMIEIIPUHATYIO
B QHTHUYHOCTH HUJEI0, UYTO BCE CBETHUJIA ABUKYTCS BOKPYT HEIOABUKHOU 3eM-
JU, KOTOpas ABJIAETCA IIEHTPOM MUPO3MaHUA M MMEET IapoodpasHyio (op-
My. 15 00'BbsICHEHUS CJOKHOTO IIeTJIe00pasHoro MBU:KeHUA IaaHer IlTose-
Mell BBEJ KOMOMHAITNIO ABYX PABHOMEPHBIX KPYTOBBIX ABUKEHUI: TBUIKEHIE
caMo¥l MJaHeThl II0 MAJIOM OKPY!KHOCTH (SIIMITMKJ) M oOpallleHMre IeHTpa
ATOH OKPY:KHOCTU BOKPYTr 3emuau (medepent). IIpu komOuHAIIUM ABYX KPY-
TOBBIX ABMKEHHUH IIOJIyUajach SIUITMKJIONAA, II0 KOTOPOM ABUTAJACH IJIaHe-
ta (P), — pucynor 24.

ITo mepe HakomIeHNS HAOJIOAEHNI O ABMMKEHUAX IJaHeT Teopusd IITose-
Mesi BCE 0OJIbIIIe YCJOMKHAIACH (BBOAUJINCHL JOIOJHUTEILHLIE KPYTH C pas-
JUYHBIMU paguycaMM, HaKJOHAMM, CKO-
pOCTAMHU U T. T.), UYTO BCKOPE CHEaI0 eé
CJIUIIIKOM T'POMO3IAKON 1 HEymZOOHOI.

\«m‘ "'4 \
3. Cucrema mmnpa Konepuuka. B XVI s. Qo ‘
noabCcKu# yuéHblii Hukonaii KomepHuk, '
0oTOpPOCUB JoTrMaTHUUECKOe IIpelcTaBJeHUe /
0 HEIOABUIKHOCTH 3eMJIM, IIOCTABUJ €€ B K
YUCJI0 PANOBBIX IjaaHeT. KomepHUK yKa-
3aJ, 4TO 3eMJidA, 3aHHMAas TPeThbe MeCTO
or CosHIla, TaK Ke, KaKk W Apyrue IJja-
HeTblI, ABUKETCA B IPOCTPAHCTBE BOKPYT
CoaHIla U OZHOBPEMEHHO BpaIlllaeTcs BO-
Kpyr cBoeil ocu. I'eImoneHTpUUIECKasd CH-
crema KomepHMKa OUeHb IPOCTO OOBACHS-
Ja meTJeoOpasHoe aBUKeHMe miaameT. Ha PucyHok 24 — TpaekTopus

pucynke 25 mokasaHo aBu:KkeHme Mapca nnaHetbl no mogenu Mronemesn
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. » <HenoaswekHble» 3BE30pbl

° .
.
NonATHoe ABWXeHne .
.

MNpamoe gBuKeHne
.

1 3emnn ﬁ)

PricyHok 25 — O6bsicHeHMe neTieo6pasHOro ABMKEHUsA MnnaHeT
ncxopA us yyeHusa KonepHuka

Ha HebecHoIi cdepe, Habaogaemoe ¢ 3eman. OTMHAKOBLIMU ITH(PAMU OTME-
yeHbl moJyokeHus Mapca, 3emian u Touek TpaekTopuu Mapca ma HebocBoze
B OJHHU U T€ K€ MOMEHThI BPEMEeHH.

TeomenTpuueckas cucreMma IlToseMess He IIO3BOJANA U3MEPUTh PaCCTOA-
HUe 0 ITaHeT. 'enuolieHTpUYecKas cucTeMa KomepHUKa BIepBLIe Iajia BO3-
MOXKHOCTH paccuuTarh mpomopiiuu COTHEUHOM CHCTEMBI, MOJb3YSICh Paguy-
COM 3€MHOII OpPOUTHI KaK aCTPOHOMHYECKON eIMHUIEHN IJINHBI.

T'nasubrit Hayuusiii Tpys Komepuuka «006 obpaieHusx HeOeCcHBIX cdep»,
Ha HaIMWCaHWe IIeCTH KHUT KOTOPOTo ObLIO moTpaueHo Oojaee 20 jer, ObLI
onybankoBad B 1543 r., HE3aJ0JITO 1O CMEPTU YUEHOTO. PeBOIIOIMOHHOCTD
Tpyna KomepHMKa COCTOUT B TOM, UTO B HEM HOBBIN B3TJISL HA CTPOEHUE
CosHeUHO! CHCTEMbI HepPa3pPhIBHO CBSA3aH C BOIPOCOM O IIOJOKEHUU 3eMJIU
BOo Bceenennoii. IIpocToTa 1 CTPOMHOCTH CUCTEMBI CTPOCHUSA MHUPA, U3JI0KEH-
Hoii KomepHuMKOM, OBICTPO HAaIllJla CTOPOHHUKOB. YueHue KomepHuKa 0CBO-
00aMJI0O HAYKY OT YCTAPEBIINX M CXOJACTUYECKUX TPATUIINHN, TOPMO3UBIINX
eé paszBurme. OmHAKO caM BeJWKHI aCTPOHOM OCTaBAaJICSI B TJIEHY HEKOTO-
prix mpenyoe:xkgenunii. Hanpumep, KomepHUK Tak U He CMOT OTKa3aThCA OT
IpeaCcTaBJIeHUA, UTO IIJIAHETHl MIBUKYTCA PABHOMEPHO IO KPYTOBBIM OpOu-
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tam. IlosTomy ero momennr BcecesenHo# Takx:ke
collepsKajia MHOKECTBO cep — SIUIUKJIOB U
nedepeHTOB.

Benukuii nranbAHCcKUN yuéHbId I'aauieo
Tanmuneit moaTBepaua yuenune KomepHuKa cBo-
UMY OTKPBITUSAMHU, CACJAHHBIMU IPU ITOMOIITH
TeJIecKOoIIa.

HUoranun Kemnep pasBuia yuenue Komepuu-
Ka, OTKPBIB 3aKOHBI ABMIKEHUS IIJIaHET, U [0-
KasaJ Ha OCHOBe (paKTOB, YTO ILJIAHETHI ABU-
JKYTCS II0 DJIIUIICAM U HEePaBHOMEPHO.

WNcaax HbooToH omybiukoBanx B 1687 r. 3emna
OTKPBITHIM MM 3aKOH BCEMHUPHOrO TSATOTEHMUSI, PucyHOK 26 — Cxema
KOTOPBIH IO3BOJIUJ BBIPDA3UTEH TEOPUIO JBUKE-  KOHGUIypaumii HUKHUX MiaHeT:
HUA IJIaHeT B Buae (GopMyJ U OTKasaThCsA Ha- 1 — HWXKHee coeanHeHNE;
BCcerga OT I'POMO3OKUX I'eOMETPUUYECKUX II0- 2 — Hanbonblwasn 3anagHas
CTDOEHHUE. 3NM0Hrauus; 3 — BepxHee

coefiHeHne; 4 — Hanb6onbLan

4. Konburypaumm n ycnoBma BUAUMOCTIU BOCTOUHAA SNOHFALNA

nnaHet. Ilog koH(pUrypanmuaMu IJIaHeT TOHU-

MalOT XapaKTepHble B3aMMHLIE PACIOJIOMKeHUA IaaHeT, Semuau u CoiaHIa.
Koudurypamum pasauyHbl O HUKHUX ILTaHeT (OPOUTHI KOTOPBIX HAXOMAT-
ca kK ConmHy 0aumske, ueM opbuTa 3eMJyu) 1 BePXHUX MJIaHET (OPOUTHI KOTO-
PBIX PaCIIOJIOKEeHBI 3a OpPOUTOH 3eMJu).

s HUMKHUX IIJaHeT BBLIAEJIAIT COeTUHEHUS U SJIOHTAIUU (BUIUMOE
yrJIoBoe paccrosuue miaaHeTwsl oT Cosuiia) (puc. 26).

B Hm:KkHeM coemuHeHUN IJIaHeTa OJMiKe BCcero K 3eMJe, a B BepXHEM —
TaJbIlie Bcero oT Heé. Ilpu sioHrammax yroy Me;KAy HAIPABJICHUAMU C 3eM-
gy Ha CoJIHIle ¥ Ha HUIKHIOK IJIAHETY, He IPEBBIINAs KaKOoH-TO OIpeneIeH-
HOM BeJIUYHUHBI, OCTAETCA OCTPBLIM. V3-3a SJIMUITUUYHOCTH IIJIAHETHBIX OpOUT
HamOOJIbIIIVEe BJIOHTAIlMU He MMEIOT IIOCTOSIHHOTO 3HaueHus. Y BeHepnl oHU
3aKJIOUEHLI B Ipegesiax oT 45 mo 48°, a y Mepkypua — ot 18 go 28°. OGe
ILJIAHEeThI He OTXOAAT majeko oT CoJHIla M MOSTOMY HOUBIO He BUAHEI. IIpo-
JOJIKNUTEIHFHOCTh NX YTPEHHEN WJIM BeuepHell BUAMMOCTH He IPEBBIIIAeT ue-
TBIPEX YacoB JJA BeHephbl 1 moJyiyTopa uacoB s Mepxypusa. Mepkypuili nHo-
ra COBCEM He BHUIEH, TAK KAK BOCXOAUT M 3aXOJHUT B CBETJIOE BPEMs CYTOK.

PasynmuaioT BOCTOUHYIO M 3alafHYIO JIOHTAIlMMK. B BOCTOUHOM 3DJIOHTA-
UM IJIaHeTa HaOJIOgaeTcsa BeuepoM mocie 3axonma ConHIla, a B 3allagHOl —
yTpoM mepen BocxomoMm CosHIa.



42 Pazpen Ill. ABwkeHne HebecHbIX Ten

| Hna BepxHuUX miaaHeT (puc. 27) xapakTep-
HBI JPpyrue KOHQUTypaIliun.

Ecaun 3emnsa oxasbiBaeTcsa MeKIy IJaHe-
Toii 1 CoJiHIIeM, TO TakKad KoH(pUrypanus Ha-
3bIBAETCS MPOTUBOCTOSIHNEM. ITa KOH(pUrypa-
A HanboJiee OJIATONIPUSATHA AJIs HAOTIOMeHUH
ITaHeTHI, TaK KaK B 9TO BpeMsd ILJTaHETa HAXO-
IUTCA OMM)Ke Bcero K 3eMiie, IIOBEPHYTA K
Hell CBOMM OCBEILEHHBIM IIOJYIIIapueM M, Ha-
XOAsCh Ha HeOe B IPOTHUBOMOJIOMKHOM COJIHITY
MecTe, OBIBAET B BepXHel KYJIbMUHAIIUU OKO-
JI0 TIoJIyHOur. B coegmHeHuU ILIameTa Hambo-
Jee yaaJieHa OT 3eMJIM 1 He HabJofaeTcsd, Tak
Kak TepsaeTca B aydax CouHiia.

3

PucyHok 27 — Cxema
KOHUrypauuin BepxHux niaHeT:
1 — coepnHeHwue;

2 — 3anaaHas KBaapaTypa; Ecin yroa mexxay HaIIpaBJIEHUSIMHU C 3eM-
3 — NpOTMBOCTOAHME; J1 Ha BepXHIO IIaHeTy m Ha CoJIHIIE cO-
4 — BOCTOYHas KBagpartypa craBasgeT 90°, To TOBOPAT, UTO MIJIaHETa HaXO-

InTCA B KBaagpartype. Pazinuaior 3amagHyio u
BOCTOYHYIO KBaApaTypbl. B KoH(pUrypanum 3anagHOi KBaApaTyphl ILIaHETa
BOCXOJUT OKOJIO IIOJIYHOUM, & B BOCTOYHOM — 3aXOAUT OKOJIO MoJayHOour. Mo-
MEHTBI KOH(pUTypaluil IJIaHeT U YCJIOBUS UX BUAUMOCTHU €XKEroJHO IIyO0JIu-
KYIOTCA B aCTPOHOMUUYECKUX CIIPABOUHUKAX U KaJeHIapaX.

5. Cugepunueckne N cuHoauyveckne nepuoabl obpauweHna nnavert. Ilpome-
JKYTOK BpeMeHM, B TeueHHe KOTOPOTro IJIaHeTa COBEpIIaeT IOJHBIN 000poT
BOKPYT CoJIHIIA IO OPOUTE OTHOCUTEJNLHO 3BE3M, HA3LIBAETCS 3BE3THBIM WJIU
CHUIePUYECKNM IIePHOIOM O0pallleHus IJIaHeThI.

IIpome:xkyTOK BpeMeHU MeKIy ABYMSA IIOCJEeN0BATEIbLHBIMU ONHOMMEHHBI-
MU KOH(QPUTYpPAIUAMU IJIAHET HA3bIBAETCSA CHHOAMUYECKHM IepuoaoM (rped.
synodos — coOpaHue, coefrHeHVE) oOpaleHus miIaHeTsl. OH OTJIMYAETCA OT
3BE3IHOI0 IepHuoa.

YcTaHoBUM B3aMMOCBSA3bL CUHOIUYECKOTO U CUIEPUUYECKOro IeprooB 00-
palieHus IJIaHeT.

IIycrs T — cugepuuecKmit mepuoj obpaleHus mJaaHeTwl, a 1T, — cu-
JIepuuyecKUi Immepuol oOpalleHus 3eMJaun; S — CHUHOAUUYECKHUU IIepuon o00-
pamenus nyuaHeThl. CpegHee 3HAUEHHWE AYTU, KOTOPYIO HNPOXOAUT IIJaHe-
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Ta 3a OJHM CYTKH, Ha3bIBae€TCAd CPEeIJHNM

360°
IBUKeHUEM (n) m OymeT paBHO n = 7

360°
a cpefHee JBI)XeHHe 3eMJIU — 7, = .
Ty
Y mmxuux nnader T < To u n > ny. OgHO-
UMEHHbIE COeIUHEHMS TaKuX IMJIaHeT (Ha-
nopuMep, HMKHUE cOoefuHeHus Ha puc. 28)
HACTYIIAIOT Yepe3 CUHOAUUYECKUU IIepUuoj
obpalenus S, 3a KOTOPBIH 3eMJis IIPOXO-

AUT OyTy

360°

Ly=n,-S=
) T,

S, 1)

a IIjIa”Hera, s3aberasa Bnepé,u, coBepmiaeT

Op()v\Ta 3eM,7M

HVPKHEN NaHeTbl

PucyHok 28 — CnHopuueckuin
nepuog nocnefoBaTeNbHbIX
HWXHNX coeguHennn (1 n 2)

oaguH o0opoT BOKPyr CoJaHIla W JOTOHAET 3eMJI0, MPOXOAs YIJIOBOH HYyTh

L = 360° + L,, paBHBIH

L=n-S
T

_360°

S.

(2)

IlopcraBasia B paBeHcTBO 360° = L — L 3HaueHnusa L u L, TOIy4nM ypas-
HEeHVe CMHOANYECKOI'0 ABMMKEeHNA AJAd HUXHUX IIJIaHeT:

1 1 1

S T T,

3)

I[JIH BEPXHUX IJIAaHET YPaBHEeHNEe CMHOOMYECKOI'0 ABUXXEeHUA IIPDUMET BUM:

1 1

4
S T, T

b

Tak Kak T > Ty u n < no.

(4)

VYpaBuenusa (3) u (4) mamoT cpefHMUe 3HAUYEHUSA CUHOINUYECKUX IIEPHUOIOB
obpatnenusa miaaner. C MOMOINBIO 9TUX ypaBHEHUI Mo HabJI01aeMOMY CHUHO-
IUYeCKOMY Iepuoay obpallleHus IJaHeThl JerKO MOACUYNTATh CUIePUUECKUH

nepuoj eé obpaineHusa BOKpyr CouHIa.
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T's1aBHBIC BBIBOIBI

1. TennoneHTprUecKasa cuctemMa Mmupa — Mozgeab CoslHeuHOI cucTe-
MBI, COTJIACHO KOTOPOIi 3eMJisI, KaK U Apyrue ILIaHeThI, o0paIaercs BO-
Kpyr CoJsiHIIa M, KPpOMe TOTO, BpalllaeTCs BOKPYT CBOEH OCH.

2. XapaKTepHble B3aUMHbBIE IMOJOMKEHU IJIaHeT OTHocuTeabHo CoiH-
a 1 3eMJu Ha HeOeCcHOU cepe HABBIBAIOTCA KOH(MUTYpPAIIUSIMHU IIJIAHET.

3. Ilo orHomienuio K 3emae Mepkypuii u Benepa — HM)KHUe ILIa-

HEeTHBI, OCTajJIbHbIe — BepxHHe. Hambosiee yaoOHO HAOJIONATL HUMKHIE
IJIAHEThI BOJIM3M HAMOOJIBINIEI 3JIOHTAIIMM, a BepXHMUe — BOJMU3U IPO-
TUBOCTOSAHUA.

KoHTponbHble BONpocbl U 3afaHnsA

1. Yem oTnnuatotca npsAMoe 1 NonATHOe ABVPKEHWA nnaHeT?

2. Kak, ncxogsa n3 renvoLeHTpryeckoin cnctembl Mupa, obXsacHAeTca neTneobpasHoe
OBUXeHne nnaHet?

3. Yto noHumaloT nog KoHburypaumamm nnaHet? OnumwuTte mx.

4, [laiiTe onpeeneHnsa CMHOANYECKOMY 11 CUAEPUYECKOMY Nepuogam obpallieHus nna-
HeTbl. B uém coctouT nx otnnune?

5. 3Bé3aHbI Nneprof obpalyeHna X nutepa paBeH 12 rogam. Yepes Kakon Npomexy-
TOK BPeMeHU NMOBTOPAIOTCA ero NPOTUBOCTOAHUA?

6. KakoBa fomkHa 6bITb MPOAOMKUTENBHOCTb CUAEPUYECKOTO U CUHOANYECKOTO nepu-
of0B OOpalleHVs MaHeTbl B CllyYae X paBeHCTBa?

§ 7. Bupumoe gBmxeHne ConHuya m JlyHbl. 3aTmeHunA

1. Bugumoe rogunuHoe asmxenve ConHua. ITo HenpepbIBHO M3MEHAIOII[HM-
ca koopauuaTtam ComHIila 0 M o Ha HebecHOU cdhepe MOKHO OTMETHUTH 0O0JIb-
IIIOM KPYT, IPEACTABIAAOIINNA BUINMBIN IIYyTh IIEHTPA COJHEUHOI'O THCKA B
TeueHHe rofa. ITOT KPYr APeBHUE I'PeKM HasBaau SKIUNTUKOM. ITocKoab-
Ky rogmuHoe ABm:keHue CoJIHITa OTpa’KaeT peayibHOe obpallieHue 3eMJIU 0
opoOuTe, SKJIUNTUKA SBJIAETCS CJIEIOM OT ceueHUs HebecHOII cdephbl IIOCKO-
CThIO, TTAPAJLIeIbLHOM MJIOCKOCTH 3eMHON OpOUTHI. ITA ILJIOCKOCTL Ha3LIBaeT-
Cs MJIOCKOCTBI0 SKJIUITHKH.

Kpome aByx TOuek paBHOAEHCTBUS, O KOTOPBLIX MBI ysKe TOBOPUJIHU B § 2,
HA SKJUNTUKE BBIAEJSAIOTCA JBEe IPOMEKYTOUHBIE MEXKIAY HUMU U IPOTUBO-



§ 7. Bugumoe asukeHune ConHua v JlyHbl. 3aTMeHUA 45

MMOJIOKHBIE APYT APYT'Yy TOUKH, B KOTOPBIX cKJoHenme CoJiHila ObIBAeT HAU-
OOJBIIMM 1 HAMMEHBINNM. B Touke jJeTHero coJHiecToaHus CoJIHIIe TMeeT
MaKCHUMaJIbHOEe CKJOHeHHe O = +23°26" (okomo 22 uioHa). B Touke 3uMHero
coaunecroanua CoJIHIle MMeeT MUHMMAJILHOE CKJIOHeHHe & = —23°26° (oko-
Jo 22 nexabps).

CosBe3nusi, uyepe3d KOTOpPbIe IMPOXOAUT SKJIUITUKA, HA3LIBAIOTCA SKJIMII-
THYecKuMu co3Be3guamMu. B IIpeBHem Me:xaypeube BO3HUKJIO pasleseHUe
SKJIUITUKYU C OKPYIKAIOIMUMHI €€ co3Be3nusaMu Ha 12 gacrteit. ATOT mosic ObLI
HasBau Ilosgcom 3omuaka (rpeu. zodiakos — KuBOoTHOe). IlepBOHAYAIBLHO 30-
InaKajJbHbIe 3HAKU U JKJUITUYECKHE CO3BEe3NUs COBIAJAIU, TaK KaK TOU-
HBIX TPaHMUI] co3Be3auii He ObLI0. Ilo3gHEEe, B 9TIOXY SJIJIMHN3MA, CJAOKHNJIOCH
IIpeAcTaBJeHNe O 3HAKAX 3041MaKa Kak 0 12 paBHBIX UacCTAX SKJIUITHUKU, 3a-
HuMalomux Ha Hebe mo 30° nyru. Hauaigo orcuéra 3HAKOB yCTAHOBJIEHO OT
TOUKM BeCeHHero pasHoeHcTBuA \’. B HacTodAllee BpeMs 30IuMaKaIbHBIE
3HAKU U SKJHUITHUUYECKNE CO3Be3IUs He COBIALal0T. JKINITUYECKUX CO3BEe3-
muit 13. U3 umx 12 (cm. Tabua. 1) coBmagaimT I0 HA3BAHUAM C 30AUAKAJIbHBI-
mu sHaxkamu. CosBesaue 3MeeHOCIIA, ABIAACH SKIUITUUYECKUM, HE BXOIUT
B UMCJIO 3HAKOB 30JMaKa. OKJIUITUKA, HPOXOAA Uepe3 CO3Be3qusi, MMeeT B
Ka)KJIOM 13 HUX YYACTKHU He PaBHOI AJuHBI. K TOMy ’Ke, TOUKA BeCeHHEero
PaBHOJEHCTBUS M3-3a IPEIeCCUU MOCTOSAHHO mepeMelnaerca. [loaTomy somu-
aKaJbHBIHA 3Hak OBHA ceifuac HAXOAUTCA B co3Be3auu PnIo.

Tao6aunma 1 — 3oauakKabHbIe CO3Be3AMA, UX 3HAKU M BpeMs HaXO0KICHUA
CoaHIla B 3HAKaX 30QHaKa

Y — Osen (20 mapra — 19 amnpens) 2 — Becsol (22 ceHTAO0ps — 22 OKTAOPS)
Y — Tener (20 anpens — 20 masa) M, — CropmmoH (23 oxkTsa6pa — 21 HOs0Ps)
I — Bausuens! (21 masa — 20 uoHs) x* — Crpeuner, (22 Hos6psa — 20 mexabps)
95 — Paxk (21 utona — 22 wuroJis) Y% — Kosepor (21 gexabpsa — 19 saBaps)
&) — Jles (23 utonsa — 21 asrycra) %2 — Bopouneii (20 suBapa — 18 despais)
) — HeBa (22 aBrycta — 21 ceHTAOPA) ¥ — Poi0s1 (19 deBpansa — 19 mapra)

2. CytouHoe gBuxeHne ConHua Ha pasnuyHbIX wupoTax. B § 2 mMbI yke Be-
JIX peub 0 ToAMYHOM ABuskeHnu CoJHIIa cpeau 3BE3[ IO BOOOpaKaeMOM JIH-
HUU, Ha3bIBAEMOH SKJINNTUKOM. Becio skaunTury (360°) ConmHIle TPOXOAUT 3a
OIUH TOJ, ONHAKO 5TO ABM)KEHME KAXKYIeecs, TaK KaK IIPOMCXOIUT BCJE.-
cTBUe obparenus 3emau BOKpyr CoJHIIA.
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B aHn 22 vioHA

paBHoAeHCTBUN | >

PucyHok 29 — CyTouHble nyTu
ConHua Haj, ropu3oOHTOM
B pasHble BpemeHa ropa
npu HabnloaeHNAX B CpeaHNX
reorpadpuyeckmx Wwmpotax

Paccmorpum cyrouHoe aBuskenue CourHila
HaA PasJIuYHBIX IIUPOTaX.

B cpegnux muporax CoisHIIE BOCXOIUT
BCcerZa B BOCTOUHOI CTOpOoHe Heba, IOCTEIeH-
HO IIOJHWMAaeTCA Hal T'OPU30HTOM, B IIOJIEHb
IOCTUTAEeT HAWBBLICIIIETO IIOJIOKeHUA Ha Hebe,
3aTeM HauMHAaeT OINYCKAThCA K TOPU30HTY U
3axX0oOuT B 3amagHoii uactu Heba. B CeBepHOM
MOJIYIIIapUY STO OBUIKEHUE IIPOUCXOIUT CJie-
Ba Hampapo, a B IOKHOM — cipaBa HaJeBoO.
Habaogarenr B CeBepHOM IOJYIIAPUN SEMJIN
mpu 9ToM Oymer Bumerh CosHIIEe Ha fore, a Ha-
xogdAmuiicsa B FO:KHOM IoyInapuu — Ha ceBe-
pe. dueBnoii nyTh ConHIIA Ha He0e CUMMETPU-
YeH OTHOCHUTEJIbHO HAIpaBJIeHUS ceBep — IOT.

3a MOJMApPHBIM KpyroMm Ha 3eMJe, TI'ae

¢ > 66,5°, cyrounsrii myTh CosiHITA MOUTH ITapaJiiejeH ropudonty. Ha camom
mosioce CoiHIle B TeueHMe MOJyroJa He 3aXOAUT, OMMCHIBAg KPYr'd Hal I'o-
PU30HTOM. JTO IOJAPHBLIA AeHb. 3aTeM Ha moJjroga CoJHIlEe 3aXOAUT U HAa-
CTymaeT MMoJsApHasa HOuYb. Ha sKBaTOpe IIPOJOJIKUTEIbHOCTD AHA BCErJa PaB-
Ha IpoJoKuTeabHOCTH Houn 1 CosIHIle, KaK 1 APYyrue CBeTHJa, BOCXOAUT U
3aXOJUT IEePIEHINKYJIAPHO IIJIOCKOCTY MCTHHHOTO TOPU30HTA.

B aHn p
PaBHOAEHCTBMI

22 nekabps
PRz 22 wioHA

NS

X
&
K

E oW’

23,5°23,5°

PucyHok 30 — CyTouHble nyTu
ConHua Hag ropn3oHTOM
B pasHble BpeMeHa roga
npu HabnogeHnaX
Ha 3KBaTope 3emnu

3. UameHeHne cytoyHoro nytu ConHua B Te-
yeHume ropa. Msmenenmne cyrounoro mytu CosH-
114 HaJ FOPHU30HTOM B pasHble BpeMeHa roja AJs
cpemHUX reorpaduueckux mupotT CeBepHOro Io-
JYIIapusa IOKasaHo Ha pucyHkKe 29. Omnpenensas
B Teuenue roga BbicoTy COJIHIIA B HOJIIEHb, MOXK-
HO 3aMETUTh, UTO IBAXKABI B IOy OHO OBLIBAET HA
HeO0ecHOM sKBaTope. ITO MPOMCXOOUT B AHU Be-
cermHero (okoso 21 mapra) U OceHHEro (0KOJIO
23 ceuTabps) paBHomeHcTBuil. ILToCKOCTh TOPU-
30HTA AeJuT HebGecHBIN sKBaTop momoJjam. Ilo-
9TOMY B JHU paBHoAeHcTBUi myTu CoJIHIIA HaT
TOPU30HTOM U IIOJ TOPHM30HTOM PaBHLI; COOTBET-
CTBEHHO, IIPOJOIKUTEJILHOCTh OHSI 1 HOUM ONU-
HakoBa. CaMbIfi KOPOTKU# NeHb BbIDAJaeT Ha
22 meralOpsi, a caMbIi AJWHHBIA — Ha 22 HWIOHS.
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s HabmromaTesieii, HAXOQAIINXCS HA 3€MHOM dKBATOpe, CYTOUHbBIE IIYTHU
Comuita Haja rOPU30HTOM B TeUeHMe I'ojla ImoKasaHbl Ha pucyuke 30.

4, Bugnmoe asuxenve v ¢pasbl JlyHbl. JIlyHa — ecTecTBEHHBIN CITyTHUK 3eM-
au. I9to OnmKaiimiee K 3emiie HeOeCHOE TeJI0, KOTOPOe CBETHUT OTPAKEHHBIM
COJIHEUHELIM cBeTOM. JIyHA ABMKETCA BOKPYT S3eMJIU II0 SJIINOTHYECKOMN opou-
Te B Ty iK€ CTOPOHY, B KaKyio 3eMJIsl BpalllaeTcsi BOKPYT cBoeii ocu. IloaTomy
MBI BuguM JIyHY Iepemerniaionieiica cpeau 3BE31 HaBCTPeUy BpallleHUIo Heba.

Hampasienue gpuskenus JIVHBI Bcerga OfHO U TO Ke — C 3allazia Ha BOC-
Tok. A HabaromaTens ¢ 3emuu 3a cyTKu JIyHa mepeMmeraerca Ha 13,2°.

ITosubIit 06opoT 1m0 opbuTe BOKpYr Semuu JlyHa cosepimaer 3a 27,3 cy-
TOK (cummepudeckuii Mmecsair). M 3a Takoe »Ke BpeMs OHa AejaeT OauWH 000pOT
BOKPYT CBOEH OCH, IIO9TOMY K 3eMJie Bcerma oOpaleHo OAHO U TO JKe IIOJY-
miapue JIyHBI.

IBu:xenne JIyHbI BOKPYT 3eMJIN OUEHDb CJIOYKHOE, 1 ero U3yueHue CoCTaB-
JIseT OOHY M3 TPYAHEHUINMX 3a7ayu HeOeCHOM MexXaHWKU. Buaumoe ABUKeHUE
JIyHBI cOIpoBOKAAETCA HENIPEPLIBHLIM M3MEHEHUEM €€ BUAa — CMeHOM das.
Paznauunble (hopMBI BUAMMOM OcBeléHHol uacTtu JIyHBI HaswIBaioTcs e€ (ha-
30i. CvmeHa ¢as JIyHbl o0yciioBJeHA IepeMeHaMU B YCJIOBUSAX OCBEIeHUS
Coanuniem JIyubl Ipu e€ ABMMKeHUH 1Mo opouTe (puc. 31).

Paccmorpum ocHOBHEBIE (ha3bl JIyHBI, HAUMHASA C HOBOJYHUA. JTa (aza Ha-
crymaer, Korga Jlyma mpoxoauT me:xkay CoaHmeM m 3eMJ€i M oOpallieHa K
HaM cBoel TéMHOII cTopoHOM (cM. puc. 31, nonoxenue 1). JlyHna coBceMm He
BHUJHA C 3eMJIN.

MNepBasa yeTBepTb

(XRRXX KRXIK 3)

PocT ropba PocT cepna
(XXX XXX 4) (RIXIXIXX XXX 2)
MonHonyHmne HosonyHne
(XXX XXX 5) XXX XXX 1)

Y6biBaHMe cepna

Y6biBaHUe ropba
(XXX XXX 8)

(XXX XXX 6)

MocnegHAs yeTBepThb
(XXX XXX 7)

PucyHok 31 — CmeHa nyHHbIx $pa3
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Coycrs oguH-IBa OHA B 3allafHOM YacTH Heba IOABJSETCA U IPOOJIKAET
pacTtu y3Kuii ApKUI cepi «MoJomoii» JIyHbI (nosoxcernue 2). Uuorma Ha Goue
HebOa 3amMeTHa (Osarozaps TYCKJIOMY CePOBATOMY CBEUEHHIO — TaK Ha3bLIBa-
eMOMY IeIeJJbHOMY CBeTy JIyHBI) 1 OocTaJibHASA YacTh JYHHOIO nucKa. SIBie-
HUe IeINeJbHOTO0 CBeTa O0hACHAETCA TeM, UTO JYHHBIM Cepll OCBelllaeTcs He-
nocpeacTeeHHO COJTHIIEM, a OCTajJbHAadA JYHHAA IIOBEPXHOCTh — PaCCeaHHBIM
COJIHEUHBIM CBETOM, OTPaKEHHBIM 3eMJi€ii. CiycTsa 7 CyTOK y:Ke OyZeT BUIHA
BCA IpaBas IMOJOBUHA JYHHOTO JHCKA — HaCcTyIaeT ¢a3a IMepBOil YeTBEpPTH
(nonoxcernue 3). B aroii dase JlyHa BocXoguT AHEM, K Beuepy BUAHA B I0K-
HO# obsiacTu Heba m 3axoAuT HOubio. [lanee aza yBenmumBaercsa (nosoxce-
Hue 4), u uepe3 14—15 cyTok mocie HOBONyHUA JIVHA IPUXOAUT B IIPOTUBO-
crosuue ¢ Comumnem (nonoxernue 5). Eé ¢pasa ctaHOBUTCA MOJTHOI, HACTYIIAET
moxHoJdyHue. CoJTHeUHbIEe JIYUYM OCBEIaloT BCE JIYHHOE HOJIyIllapue, o6pariéu-
Hoe K 3emuie. Ilommas Jlyna Bocxomutr mpu 3axome CoiHita, 3aXOAUT IPU €r0
BOCXOZIe, a B cepelrHe HOUM BHUJHA B IOXKHOUM CTOpPOHEe Heba.

ITocne monmomyuus JIyna mocremenHno mpubaumxaercs K CoaHIly ¢ 3amazaa
UM OCBeIllaeTcs UM ciieBa (nosoxceHue 6). IlpuMepHO uepes Hemeai0 HACTyIIa-
eT (pasza TpeThel, MJIN MocJaeaHei, ueTBepTu (nosoxcernue 7). Ilpu srom Jlyna
BOCXOJHUT OKOJIO IIOJYHOUHM, K Bocxoxy CoJIHIIa OKas3bIBaeTCA B IOMKHOI CTOPO-
He HebOa 1 3axomuT gHEM. [Ipm manbHelIeM cOMMKEHUU CIYTHUKA 3eMJIU C
CounnneM yobiBatoriie (asnl JIVHBI CTAHOBATCA CEPHOBUIHLIMU (72010X0ceHUe 8).
JIyHa BMAHA TOJBKO HOJ YTPO, Hes3amoJro no Bocxoxa CosHIAa, a 3aXOAUT B
CBeTJIOE BpeMs CYTOK, mepen 3axomom CousHma. Y3Kuii cepn JIyHBI Ha 3TOT
pas BBIIYKJIOCTBIO O0OpaIléH K BOCTOKY. 3aTeM CHOBA HACTYyIIaeT HOBOJIYHUE,
u JIyHa mepecTaér OLITH BUAUMOII Ha Hebe.

OT OoAHOTO HOBOJYHHS OO CJIEAYIOIIero HMPOXOAUT OKoJo 29,5 CyToK.
ATOT mepuoJ CMEHBI JYHHBIX (Da3 Ha3bIBAIOT CHHOTMYECKUM MeCSIleM.

5. ConHeuHble 1 nyHHble 3aTMmeHns. B cBoém aBuskenun JlyHa yacto 3acJo-
HseT (MIu, Kak TOBOPSAT aCTPOHOMBI, TOKPBIBAET) 3BE3ABI 30AUAKATBbHBIX CO-
3Be3auii. SHAUNTEJIBLHO Perke IMPOUCXOTAT MOKPeITUA JIyHoit miaaHer u CoJH-
na. IToxpeiTue Connina JIyHoii Ha3bIBaeTCsA COJTHEUHBIM 3aTMEHHEM.

CosHeuHOE 3aTMEHUWE MMEeT Pal3JIMUHBIA BUJA IJA Pa3HBIX TOUYEK 3eM-
HoU moBepxHocTu. Tak Kak mgumamerp JIynbr B 400 pas meHbIlle auamerpa
Conumna u Jlyna npumepno B 400 pas maxomurcs Onmxe K 3eMje, TO Ha
Hebe ConHie m JlyHa KamKyTcA OUCKaMHU OAMHAKOBOTO pasMmepa. IloaTomy
IIPU IIOJITHOM COJIHEUHOM 3aTMeHuu JIyHa MOMKEeT IeJIUMKOM IMOKPBHITH APKYIO
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moBepxHOCTb COJIHITA, OCTABJIAS HPU dTOM OTKPBITOH COJIHEUHYI0 aTMochepy
(cm. puc. 118, c. 143).

PaccmorpuM cxeMy IOJHOTO cojJHeuHOro 3armenus (puc. 32). Ilpoxoxps
mesxay Conumem u 3eMéil, MajlleHbKasd Mo pasmepaM JIyHa He MOKeT IIOJI-
HOCTBIO 3aTeHUTh 3eMyo. [luck CosHIla OyAeT IeJIUKOM 3aKPBIT TOJBKO IJIA
HabOJomaTeass A, HAXOAMAIIErocsad BHYTPU KOHYcCA JYHHOU TeHUW, MaKCUMAJb-
HBIA AuaMeTp KOTOPOH Ha moBepxHOCTH 3emuiu He mpesbimaer 270 kM. Toun-
KO OTCI0ZIa, C DTOUM CPABHUTEJBHO Y3KOH 00JaCTH 3€MHOI IMOBEPXHOCTH, KY-
Ia mamaeT TeHb oT JIyHBI, OygeT BUAHO IIOJHOE COJIHEYHOoe 3aTtmeHnmue. Tam
JKe, KyJa IafaeTr IMOJYTeHb OT JIYHBI, BHYTPH TaK Ha3bIBAEMOI'0 KOHYCA JIYH-
HOHU ToJyTeHU, Oymer BumHo (aaa Habaogareneil B u C) uacTHoe corHeUHOE
3aTMeHHe.

Ecau B MmoMeHT 3aTMeHus JIyHa, mepeMeriasch IO CBOEH SJIIUITUYECKO
opbute, OyIeT HaXOAUTHLCA Ha 3HAUUTENIBHOM yIAJIEHUU OT 3eMJIN, TO BUIU-
MbIH AucK JIYHBI OKAMKeTCs CIANIIKOM MaJIbIM, YTOOBI IIOJHOCTBIO IIOKPBITH

PucyHok 32 — Cxema NOMHOrO CONTHEYHOro 3aTmeHus (ans Habnopatenein A, B, C)
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Coanmne. Torma mabaromarens A (puc. 33) cMOXKeT BUAETH BOKPYT TEMHOTO
nucka JIyHBI cuAomuil 00040K COJIHEYHOrO JHCKAa. JTO KOJbIleoOpasHoe 3a-
T™meHnue. [Iaa HabmomaTeneit B u C Takoe cosiHeuHoe 3aTMeHUe OyIeT JacT-
HBIM.

3a mpenmesaMu JYHHON IIOJYyTEeHHW 3aTMEHHA BOOOIe He HAOJIIOJAIOTCH.
CosiHeuHOe 3aTMEeHMe BUAHO He Ha BCell MOBEPXHOCTH 3eMJU, a TOJBKO TaM,
rae mpoberaioT TeHb W MOJyTeHb JIyHbI. IlyTh JTYHHOI TEeHHW IO 3€MHOHU IIO-
BEePXHOCTH Ha3bIBAETCS IOJIOCOI ITOJHOT0 COJHEUHOTO 3aTMEHHA.

JIyHHBIE 3aTMEHHMA IIPOUCXOAAT TOr[a, Korga JlyHa IomagaeT B 3eMHYIO
TeHb, KOTOpPas TaK:Ke umMeeT QOPMY KOHyca 1 OKPYsKeHa IToJIyTeHbIo (puc. 34).
IIpu yacTUUHOM IIOTPYKeHUU JIYHBI B 3¢MHYIO TeHb JIYHHOE 3aTMeHNe Ha3bI-
BaeTcs YACTHBIM T€HEBBIM, a IIPU IIOJHOM IIOTPYKEeHUU — IHOJHBIM TeHEeBBIM
3aTMeHueM. Tax KakK 3eMHas TeHb HaIpaBjieHa B CTOPOHY, IPOTHUBOMIOJIONK-
Hyio CoaHiy, JIyHa MoKeT IPOMTH CKBO3b HEE TOJLKO B HMOJIHOJAyHUe. JIyHa

B A C

PucyHok 33 — CxemMa KonbLeo6pa3HOro cosiHe4YHoOro 3aTmeHus (anAa Habnopatenein A, B, C)
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3emHas nonyTeHb

JlyHa

7

3emns

3eMHaA TeHb

Op6ura 1
yHbu

PucyHok 34 — Cxema NnyHHOro 3aTMeHuA

IIOCTEIIEHHO IIOTPY’KaeTcsAa B 3¢eMHYIO T€Hb CBOUM JIeBBIM KpaeMm. Ilpu mosrmom
3aTMEHHUU OHA CTAHOBUTCS Oyporo MM TEMHO-KpacHOTO IiBera (puc. 35), 1mo-
CKOJIbKY COJIHEUHBIH CBET, IIPEJOMJIASICH B 3eMHOI aTMochepe, oceermaer JIy-
HY IIPEeNMYIeCTBEHHO KPACHBIMH JIy4aMU, KOTOPbIE MeHee BCEro paccerBa-

IOTCA U 0CJa0JAI0TCA 3eMHO# aTMochepoii.

E:xerogHo mpoucXoguT OT ABYX OO IISITH COJMHEUHLIX 3aTMeHUii. B cpen-
HeM B OJHOM M TOM JK€ MecCTe 3eMJIH IIOJIHOE COJIHEUHOe 3aTMeHHEe MOXKHO
Ha0J AT Ype3BbIUaiiHo peaxo — Juilb pasd B 200—300 JgeT, a IpogoIKm-
TeJbHOCTDh IIOJHOTO COJIHEUHOTIO 3aTMeHWus He mpesbimtaer 7 muu 31 c. Ilo-
9TOMY ACTPOHOMBI TIATEJBHO I'OTOBATCS K HAOJIIOJEHUAM 3aTMEHUS, YTOOBI

B TeueHMe OUeHb KOPOTKOrO BPEeMEHU YCIeThb
M3YUYUTL BHEIIHNE paspekeHHbIe 000JI0UKU
CouHIIa.

Kax mpaBmiao, eXKerogHO IPOUCXOIUT
OOHO-ABa JYHHBIX 3aTMEHHS, HO BBIJAIOT-
cs Tonbl, KOrJa 3aTMEHHI coBCeM He ObIBa-
eT. JIyHHbBIe 3aTMEHUsSI BUAHLI CO BCEr0 HOU-
HOTO MOoJyHIiapusa 3eMJu, T'Je B 9TO BpeMsd
Jlyna maxomurca Hanm ropudoHToM. IloaTo-
My B KayKJIOHM JaHHOM MECTHOCTHM OHM Ha-
OJIFoJaloTCA Yallle COJMHEUHBIX 3aTMEHUM, XO-
TS IPOUCXOAAT HmpuMepHO B 1,5 pasa pexxe.
MaxcumaabHasg IPOAOJIKUTEIbHOCTh JIYHHO-
ro 3aTMeHus gocruraer 1 u 47 MuH.

PucyHok 35 — Bupg JlyHbl
NPy NOJIHOM JTYHHOM 3aTMeHUN
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Emé B VI B. 10 H. 5. OBIIO yCTAHOBJIEHO, UTO IPUMEpPHO uepe3 18 jeT u
11,3 cyToK Bce 3aTMeHUs OYAYT IMOBTOPATHCA B OAHOI U TOU Ke IIOCJemoBa-
TEJIBHOCTH. JTOT IIEPUO] MEKAY 3aTMEHUAMU HAa3BaJI capocoM (Tped. saros —
epuoj, IIOBTOPEHME).

Bo Bpemsa capoca B cpegaeM mpoucxogut 70—71 saTmMeHne, 13 KOTOPBIX
42—43 — coaHeunsbiX (14 — moaHbIX, 13—14 — KoJbIle00pPa3HBIX U 15 —
YaCTHBIX) U 28 — JIYHHBIX.

ITouemy conmHeuHble U JIYHHBI€ 3aTMeHUS OBLIBAIOT He KaKIBLIA MecsdIr?
C uem cBsizaHo aBJjeHue capoca? Kasamock 0nI (cM. puc. 32—34), 3aTMeHUA
IOJIXKHBI IIPOUCXOIUTE ITPU KaxKkaoM obopore JIyubl Bokpyr demuanu. Ha camom
Iejie TAKOTO He caydaeTcs, TaK KaK ILJIOCKOCTb JYHHOI OpOUTHI He COBIIAAAET
€ IJIOCKOCTBIO SKJIMIITUKHY, a HakJoHeHa mog yriaom 5°09’. ITostomy JlyHa BO
BpeMs HOBOJYHUSA WU IOJHOJYHUS MOKET HaXOIWUTHhCA MajaeKO OT IIJIOCKO-
CTU SKJUIITUKU, 1 ToTAa e€ auck (amamerpom 0,5°) mpoiimé€T BBIIIE UIN HUMKE
nucka CoJsHIIA MM KOHyca TeHUM 3eMJd. 3aTMeHHUS K€ HaCTYIAaloT TOJbKO
Torga, Koraa JlyHa HaxomuTcsA BOJIM3UW TOUEK MepeceueHusd JIYHHOM OPOUTHI ¢
sKRIUNTUKOI (puc. 36). BungHo, 4To B HOBOJIyHUE TeHb JIYHBI He Bcerga Iia-
naeT Ha 3eMJIIO.

PucyHok 36 — MnockocTb NyHHOI Op6UTbl HE COBNagaeT C MIOCKOCTbIO SKAUNTUKN
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I'naBHBIC BBIBObI

1. Ha sxkJIunTHUKe BBIAEISAIOT YeThIPEe OCHOBHBIE TOUKM: BECEHHErO u
OCEHHEero paBHOJEHCTBUIl, JIETHETO U 3MUMHETr0 COJIHIIeCTOSHUIA.

2. Cyrounbsie nyTu CoJIHIIA B TeUeHNUE I'ofla 3aBUCAT OT reorpaduue-
CKOU IMIMPOTHI MecTa HaOJII0JeH!sd.

3. OcBeménHaa YacThb JIYHHOTO aucka (JIyHHasa )asa) 3aBHUCHUT OT B3a-
uMHOro pacmnoJokernusda CoaHmna u JIyHsl aiaa HaOIogaTenas ¢ SeMJIn.

4. fdBnenne nmoxpeiTuA JlyHoit CoJIHIIA HAa3bIBAETCA COJHEUHBIM 3a-
TMEHWEM.

5. fIBnenue mpoxoxkgenua JIyHLI yepe3 3eMHYIO TE€Hb HA3bIBAETCS
JYHHBIM 3aTMEHUEM.

6. ITpome:kyTOK BpeMeHU (capoc), yepes KOTOPLIN B OIpPeae e HHOM
MOPAIKEe MOBTOPSIOTCA COJIHEUHbIe M JYHHBIE 3aTMEHUSA, paBeH 18 ro-
mam u 11,3 cyTox.

KOHTPOJ'IbeIe BOMNPOCbl N 3agaHnNA

1. KakoBbl ocobeHHOCTY cyTouHoro aAsukeHusa ConHua Ha pasfnyHbIX LWNpoTax?

2. Moxet nu ConHue Habntogatbca B 3eHuTe B benapycu? Mouemy?

3. Nouemy JlyHa obpalleHa K 3emne Bcerga OgHOM U TOW e CBOe CTOPOHON?

4. B 4ém COCTOUT OTANYME CULEPUNYECKOTO U CUHOAMYECKOro mecAues? Yem obycnos-
NeHa NX pasnuyHasa NPOAOIIKNUTENIbHOCTb?

5. Yto noHmmatoT nog nyHHow dazon? Onuwwnte dasbl JlyHbl.

6. Cepn JlyHbl 06palléH BbINMYKIOCTbIO BNPaBo 1 ONM30K K ropnsoHTy. B Kakon ctopo-
He rOPU30HTa OH HaxopuTcA?

7. MNMoueMy NPOMCXOZAT COSTHEYHDbIE U JTYHHble 3aTMeHUA?

8. OxapaKTepmn3yiTe MOJHblE, YaCTHbIE M KONbLeobpasHble CONHEeYHble 3aTMeHNA.

9. Kak otnuuntb a3y 3aTmeHus JIyHbl OT OfHOW U3 e€ 0OblYHbIX Pa3?

10. [Moyemy cONHeuYHble 3aTMEHUA MPOUCXOAAT He Ka)KAoe HOBOJYHME, a NyHHble —
He Ka)Kgoe nosiHonyHue?

11. Y10 Takoe capoc? KakoBa ero nepnognyHocTb?

§ 8. 3akoHbl Kennepa

1. Neps.bin 3akoH Kennepa. o kouma XVI B. yuéHBIM He yAaBaJOCh TOUYHO
paccYnTaTh OTHOCUTEIHHOE IOJIOYKEHNE IJIAHET HA HECKOJBKO JIET BIEPE] C TI0-
MOIIILIO CYIIIECTBOBABIIINX B TO BpeMs Teopuii. TeopeTuuecKrie BEIKJIAIKU TaBa-
JIX 3aMeTHOe PACcXOiKIeHue ¢ pesyjbraramMu HaOaomenwuii. I[IpuumHa cocrosiia
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D B OMIMOOYHOM ITPEAIIONOMKEHUM, YTO ILJIAHETHI

b PaBHOMEPHO ABMIKYTCA II0 CTPOTO KPYTOBBIM

A ,_GJL ° B opbutam Bokpyr Coanma. KuHemaTunuecKkue 3a-
F, o F, KOHBI JBMKEHUS ILJIaHeT OBbIIN OTKPBITHI JIUIIH

B Hauasje XVII B. aBCTpUIICKUM aCTPOHOMOM M

C marematukoMm Moramuom Kermmepom. Om Bmep-

PUCYHOK 37 — DnemeHTbI Bble Pa3pyIIni YKOPEHUBIIHiicad mudaropei-
SANUAca CKUH IIpepaccyZoK O «COBEPIIEHHOCTH» OPOUT

IJIaHEeT, MOKA3aB MX JJIIUITUUYHOCTb.
Kemnep ycTaHOBUJI, UTO nJaaHembl 00pAULAIOMCA NO IALUNCAM, 8 00OHOM
u3 gorycos xomopwvix Haxodumcsa Conrnuye. [lanHasd 3aKOHOMEPHOCTb OJIYUM-
Jla HasBaHUWe mepBoro 3axkona Kerrepa.
Otrpesoxk AB (puc. 37) HasbIBaeTcsA OOJBINONH 0ChIO, a oTpe3ok CD — ma-
Joit oceio sanunca. Orpesku AO = OB = a, CO = OD = b HAa3bIBAIOTCA COOT-
BETCTBEHHO OOJIBIION U MaJION moJayocaMu sjinuiica. OTHoIIeHME

OF, OF,
a a

(1)

Ha3bIBAETCA IKCIHEHTPHCUTETOM DJIInuIca. JeMm O6OJbIe dKCIEHTPUCUTET 3JI-
Jumca, TeM OoJIbIlle cMeIeHbl (DOKYCHI IO OTHOIIEHUIO K IIEHTPY U TeM 0OJIb-
e 6yIeT pasHOCTh MeKAY OOJIBION um Masioil moayocsamu. To ecTh 3KCIleH-
TPUCUTET CIYIKUT MEPOM «CILIIOCHYTOCTH» 3JIJIUIICA.

nsa snnunca 0 < e < 1. Ormerum, uro pu e = ) MOKHO paccMaTpuUBaTh
OKPY*KHOCTb KaK YacTHBIZ Buj sjaunca (b = a).

HomyctuMm, uTo ecsau CousHile HaxoguTcsa B (oryce Fy, TO OIMIKAKIIYIO
K Coiauiy Touky (A) opOUTHI ILIAHETHI HA3BIBAIOT IMEepUTeIMeM, a Haubojee
ynanéunyio (B) — adgeauem. O6o3uauum AF; = q (¢ — mepurejamitHoe pac-
croaHue), a BF| = @ (@ — adeauniiHoe paccrosaHue). 13 pucynka 37 ciaeny-
eT, uto ¢ + OF; = a, OF; = a - e, Torga

g=a-a-e=a(l —e), (2)

Q=a(l + e). 3)

Y semHON opOuThl sKcienTpucurer pasex 0,017. Semis HaxoguTcA B IIe-
puresuu B Hadajge SHBapPs, M IepUreJNIHOe paccTosHue paBHo 147 MJIH KM,
a B ajpesiuu — B HavaJle WIOJIA, 1 adesimitHoe paccTossHMe paBHO 152 MJIH KM.
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2. Bropomn 3akoH Kennepa. Usyuas asu:xernue Mapca B mpocTpaHcTBe, Ke-
IJIep 3aMeTHuJ, UTO IIJaHeTa ABUIKETCS M0 opOuTe HepaBHOMEPHO — 3WMOM
onicTpee, ueM JeroM. OH CcTaJd MCKATh 3aKOHOMEPHOCTh, II0 KOTOPOIl IIpomc-
XOOUT WM3MeHeHMe cKopocTu Mapca, M BBIABUHYJ THUIIOTE3Y, YTO CKOPOCTh
IOJI3KHA OBITh OOPATHO IIPOIOPIIMOHAJbHA paccToAHMio oT Mapca mo CoaHIia.
g mepurenua u adenusa OpennosioKenmne moaTBepauiaoch. Torma Kemiep
ycJIOBHO pas3ous opouty Mapca Ha 360 uacTeit u HauaJ IPOBEPSATHL CBOIO I'U-
moTe3y OJIA PA3JIMUYHBIX €€ yuacTKoB. HabmogeHnsa U pacuéThl MOKa3aJIu, YTO
3a paBHBIEe IPOMEKYTKU BpeMeHH Mapc TpoXOAWT paBHBIE ILJIOIIAAN CEKTO-
POB OPOUTHI.

CoBpemenHasa (GopMyJanMPOBKa 9TON 3aBUCUMOCTU PAaCIPOCTPaHeHa Ha BcCe
IJIaHeThl ¥ HOCUT HasBamue BToporo 3akoHa Kermiaepa. 3akJjouaeTcsa oHa B
cjaenyiomeM: paduyc-eeKkmop niaHemst (IUHUS, coeguHAoNaa 1meuTp CoJrmH-
IIa C IEHTPOM IJIAHETHI) 3a PABHbLE NPOMEHYMKU 8PeMeHU ONUCbI8aem pas-
HogeauKue naouw,adu.

Bropoii 3akoum Kemepa, mau 3aKoH maoIianeii, IPOMJIIIOCTPUPOBAH Ha
pucyake 38. IIpu mBu:xenuu miaauersl (P) Boxpyr Couanma (S) eé pamuyc-
BEKTOD 3a pPaBHBIE IPOMEKYTKU BPeMEHU OIIMCHIBAET PaBHBIE IIO ILJIOIIALN
¢buryper — P;SPy; u P3SP,. Takum 06pasoM, CKOPOCTb ABUIKEHUSA IMJIAHETHI
mo opbuTe MeHAETCA, IPUHUMAS MaKCUMAaJbHOE 3HAUEHUE B IIEPUTEJUU U
MUHHIMAaJbHOE B aj)eJIuu.

3. Tpetuin 3akoH Kennepa. CpaBHuUBasg pasMepnbl OPOUT U mepuoAbl oOpa-
meHusA miaameT BOKpyr Comanita, Kermiep o0Hapys:KuJ, YTO KBaApPaThl IE€PUO-
OB O0pallleHusl IJaHeT IPOMOPIMOHAIBHEI KybaM

ux cpegHux paccrodHuit or CosHila (MJIM OTHOIIIE- P
re Py
HUe — OJ[MHAKOBO /I BCEX IJIaHET).
T

Tperuii 3axkon Kenuepa dopmynupyerca cueny-
oImuM 00pasoM: keadpamvl cudepuiecKux nepuo-
0o6 obpawernus 06yx niaHem OMHOCAMCA KAK KY-

0bL OobULUX NOSYOCel ux opoum: P,
T2 43
p i L (4) P
T, a;
PucyHok 38 —

Ecau B sTO#1 (hbopmMyJie HPUHATL CUIEPUUECCKIUHA Wnnioctpauyna BToporo
nmepuon obpaitenns 3eman BOKpyr CosHIla paBHBIM 3aKoHa Kennepa
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1 (oguu rox) u GOJIBIIYIO IIOJIYOCh 3€eMHOM OpOMTHI paBHO# 1 (ogHA acTPOHO-
Muvueckas egumauna, cMm. § 10), To dhopmysa (4) mpumer BuUm:

T =d®. (5)

Ha ocHoBe OTKPBITHIX 3aKOHOB IIOCJI€ MHOTOJIETHUX BBIUMCJIEeHHUN B 1627 T.
Kemnnep cocraBua TabMUIlBl, IO KOTOPLIM MOYKHO OBLIO HAWTU Ha Hebe mOJIo-
JKeHMe KaKIOH IIJIAHETHI B JII00O0M MOMEHT BPEeMEeHH.

I'maBHBIE BBIBOIBI

1. Bce miaHeThl IBUKYTCS II0 SJLIAITAYECKHUM OpOUTaM, B OLHOM U3
doKycoB KoTOphLIX HaxomuTca CoJHIIe.

2. 3a paBHBIE IIPOMEKYTKN BPEMEHU PAANYChI-BEKTOPLI ILJIAHET OIIN-
CBHIBAIOT PABHOBEJUKUE ILJIOIIAIN.

3. KBagmpaThel cumepuuecKux mepruoaoB o0pallieHns: ABYX ILJIaHET OT-
HOCSATCA KaK KyObI OOJBIIMHUX ITOJYOCEH MX OPOMUT.

4. 3axonsl Kemmepa yTouHAOT yueHre KolepHHKa, B KOTOPOM Op-
OUTHI HEOECHBIX TeJ CUMTAJIUCH OKPYIKHOCTSIMU.

@ KOHTPOﬂbeIe BOMPOCbl N 3afaHNA

1. ChopmynunpyinTe 3akoHbl Kennepa.

2. Y 3emnu 3KcueHTpucUTeT opbuTbl paseH 0,017, a y Mapca — 0,093. OpbuTa Kakol
13 nnaHeT Hanbonee BbITAHYTa?

3. Bo ckonbko pa3 adenuintHoe pacctosHve 6onblue NepureMNHOro PacCcToAHUA, ecnu
JKCLEHTPUCUTET Op6UTLI paBeH 0,57

4. MeHseTca N CKOPOCTb MilaHeTbl, ABVXKYLLENCA MO S/IMNTUYECKO opbute? Kpyro-
BOW opbuTe?

5. Cuntan opbuTbl 3emnun n Mapca KpyroBbiMK, paccuynTanTe NPOAOIKUTENBHOCTb ro-
Aa Ha Mapce. lMpwn peweHun 3agaumn yutute, yto Mapc Haxoautca ot ConHua aanblue,
yem 3emns, B 1,5 pasa.

§ 9. 3aKOH BcemunpHoro taroreHna HbloToHa

1. He6ecHasa mexaHuka. ITocine mosiBiaenuss pa6or Komepuuka, Iammies,
Kemnnepa k cepenunre XVII B. 3aBepmiujcs onucaTeJabHBIN (MU TeoMeTpUye-
CKUIl) IIepruoa M3yUYeHUusA OBUKEHUA IJaHeT. Bblia BBIABIEHA KMHEMaTHUKA
WX OBUYKEHUM, HO OCTABAJOCH HESACHBLIM, IIOUEMY ILJIaHEeTHl ABMIKYTCSI. UTo
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3acTaBjdeT UX obparnarbca BOKPyr CoiHIla, a COYTHUKK — BOKPYT ILIAHET?
YeM 00BACHSAETCSA YCTOMUYNBOCTD ILJIAHETHOM CHCTEMBEI?

Bce marepuasibHBIE Teja, €CJAU OHM HUYEM He TOAAEPKUBAIOTCSA, MamaloT
O] AeHICTBUEM CWJIBI TAMKECTU Ha ITOBePXHOCTH 3emuau. [[o Tex mop, moka 3em-
JISI CUMTAJIACDH ITeHTPAJIBHBIM TEJIOM MUPO3IAAHUS, CHJIA TAMKECTH pacCcMaTpUBa-
Jiach TOJIbKO KaK 3eMHoe sBjeHme. OqHaKo oTKpbITUA KomepHuKa 1 ero mocJie-
JoBaTeJiell TTOKasaiu, YTO 3eMJIA — 3TO PAAOBas IIaHeTa, KOTopasd JBUMKETCS
BoKpyTr CosHIIA, KaK U Opyrue miaaHeTbl. 1109ToMy MOSBUIOCH TPEAIIOI0KEHNE,
YTO CHUJIA TAMKECTU IPUCYIIA He TOJHKO 3eMJie, HO U IPYTUM HeOeCHBIM TeJiaM.
Ha marepuanbuble Teja, HaXOAAIITUECS OKOJIO APYTuX IuiaHeT, JIyasl niau CosH-
11a, MeMCTBYeT CUJja TSKEeCTH, KOTopas HalpaBjieHa K X IEHTPY TakK sKe, KaK U
Ha 3emie. Takum o6pasoM, GraroapsA PacIpOCTPAHEHUIO CBOMCTBA TSMKECTH Ha
Ipyrue HeOecHBIe Teja, ObLI IOCTABJIEH BOIIPOC O B3aUMOJAENCTBUU TeJI.

Ha ocHoBaHuMU TpeThero 3akoHa Kelepa M 3akoHa IUHAMHKU MaTepuU-
aJIBHON TOYKHU CTPOTO MaTeMaTudecKu HBIOTOH 000CHOBAJ 3aKOH BCEMHUPHO-
IO TATOTEHMA, KOTOPHIN IIacur: dea meaa npumsazusarmcs opyz k 0pyzy ¢
CUJOUl, NPONOPUUOHALLHOU NPOU3BEIEHUI0 MACC IMUX mes U 00pamHo npo-
NOPUUOHANLHOU K8adpamy pPacCmoOsHUSL Mex0y HUMU.

MaremaTuuecKoe BhIpasKeHNe 3aKOHA BCEMUPHOTO TATOTEHUA UMEET BU/I:

m,m
e (1)
r
rae m; U Mg — MAacChl ABYX TeJ, INIPUTATUBAIOINUXCA APYyr K ApPYyry,
r — paccroauue Me:xkAy HuMu. Kosdppumment mpomopiumoHadbHocTu G

(G = 6,673 - 101! H - m?/xr?) HasHIBAIOT MOCTOAHHON TATOTEHHA WV Tpa-
BUTAIMOHHON IOCTOSIHHOM, OH ABJSAETCSI OJHON M3 OCHOBHBIX (hUBUUECKUX
KOHCTAHT.

dopmyaa (1) cupaBegauBa aad Tea (MaTepUATbLHBIX TOUEK), pasMepbl KO-
TOPBIX IIPEHEOPeKMMO MAaJbl IO CPABHEHHIO C PACCTOAHHEM MeXKIy HUMU.
IBa IPOTAKEHHBIX IIAPOOOPABHBIX Teja CO chepruuecKUu-CUMMETPUYHBIM pac-
mpeneieHrneM MACC MPUTATHUBAIOTCSI APYT K APYTY Tak JKe, KaKk U MaTepualb-
HBbIe TOUKU, T. €. KaK ecJu Obl UX MacChl OBLIM COCPEIOTOUEHBI B IIEHTPE TeJl.
A paccTosHUe r ciliegyeT OTCUUTHLIBATL OT IIEHTPOB 3TUX TeJl.

Ha ocHOBaHUM 3aKOHA BCEMHUPHOI'0 TATOTEHUS M 3aKOHOB MeXaHWKU Hbio-
TOH MaTeMaTUYeCKH! MOKAas3aj, UTO II0J AeliCTBMEM CHUJILI TATOTEHUS TeJIO Mac-
coii m OymeT ABUTATHCSI OTHOCHUTEILHO Teja Maccoii M 1o OGHOI M3 KPUBBIX:
DJLIINUIICY, OKPYKHOCTH, ITapadoje uau rumepooe.

Taxum ob6pasom, HpioToH yTouHMI 1M 0000MIMJ IIEePBHIA 3aKoH Ketme-
pa, KOTOPBIA B HOBOII (POPMYJIUPOBKE TJIACUT: n0o0 Odelicmeuem mszomeHus
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00HO HebecHoe meno 0suicemcs 6 noJje msazomenHus 0pyzozo HebecH0z0 me-
2a no 00HOMY U3 KOHUUECKUX CeYeHUll — 3AAUNCY, OKPYlIcHocmu, napaboie
unu zunepoone (puc. 39). Ilpu 0suixeHuU no AAUNCY npumszusanuiee me-
210 6cez0a Haxodumcs 6 00HOM U3 POKYCO8.

Hayxka, ocHOBBIBamIasacs Ha 3akoHax Kemnepa u HeioToHa u msyuaromias
IBIKEeHMe HeOeCHBLIX TeJI, HasbIBaeTcad HeOecHOU MexaHukoii. HeGecnas me-
XaHWKa UCCJIeNyeT ABUKEHUE HeOEeCHBIX TeJ C YUYETOM CO3aBaeMbIX UMHU II0-
Jeit rarorenusi. OcHOBHAA 3aJava JaHHOM HAYKM 3aKJIIOUAeTCS B TOM, UTOOBI,
3HaA HaYaJIbHOE IOJIOMKEeHMe Tejia (MaTepuajbHOM TOUKW) M €r0 HaYaJIbHYIO
CKOPOCTB, OIPEJEJNTD er0 MOJOKEeHNe B JII000U APYroil MOMEHT BPEMEHU.

2. BozmyuieHna B ABMmKeHun HebecHbix Ten. [IBuixkeHne TeJsl, CTPOrO IIOJ-
ynHAIIeecd 3aKkoHaM Kemepa, HasbiBaeTcsd HEBO3MYIIEHHBIM. Takas ume-
anu3anusg IpeAnoaraeT yueérT B3anMOAENCTBUSA TOJBKO ABYX TEJ M OMMCHI-
BaeT, HaIlpUMep, ABU)KEHNe ILIaHeThl IIOJ AefiCTBMEeM TOJbKO IIPUTAMKEHUSI
Cosamta. 3ajmaya ABYX TeJI MOJIHOCThIO Obliaa peirnena HrioToHOM (3aKOH Bce-
MUPHOTO TATOTEHMUSI).

Hcrunnble ke asuskenusa Tesn CoJHEUHON CHCTEMbI 3HAUNTEILHO CJIOMK-
Hee. ITO 00BbACHIETCA TeM, uTo Teja CONHEUHOH CHUCTEMBI HEe TOJBLKO IIPHU-
TaruBaiorca CoIHIIEM, HO M B3aMOJEHCTBYIOT MeKAY co00ii. OTKJIOHEHUS B
IBH)KEHUAX TeJ OT 3aKOHOB Kemepa Ha3bIBAIOTCA BO3MYIIEHHAMHU, a Pealb-
HOe JIBUKeHUe TeJ — BO3MYIIEHHBIM TBMKEHHEM.

Pemtenne ypaBHeHUs OBUMIKEHUS HasKe OJA TPEX TeJd — 3aJada MCKJIIO-
YNTEJNBLHON CJIOMKHOCTH, OJHAKO AaHAJU3 BO3MYIIEHUH ITO3BOJISIET JOBOJILHO
TOUYHO OIIPeAeJUTh Maccy 1 IIOJIOMKeHMre Bo3MyIlaInero Tejaa. Haubosee ap-
KMM IPUMEPOM 3TOMY B MCTOPUU ACTPOHOMUM CTAJO OTKPLITHE ILIaHeThl He-
IITYH Ha OCHOBE aHAJM3a BO3MYIIEHNH, NMEIOINXCSI B ABMKEHUU Y paHa.

OKpY»KHOCTb namnc Mapabona [unepbona

PI/ICVHOK 39 — I'Ionyqume 0p6I/ITaJ1beIX KpUBbIX NMpU ceé4eHNN KOHyCa MNOCKOCTbIo
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Emé omauM npuMepoM IIPOABJIEHUHN BO3MYIAOIIEN CUJIBI ABJIAIOTCA MPH-
JUBHI U OTJAUBBI. BomHasa 000/104uKa M 3eMHas Kopa (B MeHBINEH CTeIleHM)
CJIeTKa BBITATHBAIOTCSI B 00€ CTOPOHEI BAOJIb JUHUU, COeINHAIOIEH 3eMJI0 C
Jlynoii. IIpuiuBHEBIE BOJHBEI B OKeaHaxX M MOPAX CJHEAYIOT APYT 3a APYTOM C
BOCTOKA Ha 3amaj ¢ MHTepBajJoM okoJo 12 u 25 muH. [IpuanBHOe TpeHME 3a-
MeIJIsIeT BpallleHue 3eMJIM, UTO IPUBOAUT K YBEJIUUEHUIO MIUTEIHLHOCTH 3€M-
HBIX cyToK Ha 0,0014 ceKyHILI 3a CTOJIETHE.

3. OnpepgeneHune maccol 3emnu. OfHON U3 BaXKHENINNX XapaKTEPUCTUK He-
0eCcHOro Tejia ABJAETCS ero Macca. 3aKOH BCEMUPHOTO TATOTEHUS MO3BOJISET
OIlpeiesIsITh Maccy HeOeCHBIX TeJI, B TOM YHCJe U Maccy 3eMJIu.

Ha Tesio Maccoit m, HaxomAIeecsa BOJM3Y IIOBEPXHOCTU 3eMJIU, AeliCTByeT
cuja TsKecTu F = mg, e £ — YCKOpeHue cBOOOAHOTO mameHusd. Eciau Teso
IBUKETCS TOJBKO MOJ AefiCTBUeM CHJIbI TSIKECTH, TO, UCIIOJNb3YA 3aKOH BCe-

M
MupHoro taroreunusd (1), yckopeHme cBOOOIHOTO MaAeHUA PABHO: & = G—2 u

HaIIPpaBJIEHO K IIEHTPY 3eMuu. ©

CremoBaTesbHO, 3HAs, UTO YCKOPeHMe cBoOOmHOrO majgenus g = 9,81 M/Cz,
G=6,673 - 1%’11 H - m?/xr? u paguyc Semin Rg = 6370 kM, MOXKHO 110 (DOp-
myae M =%ﬂ mojacuuTaTh Maccy demau: M = 5,97 - 1024 kr.

CpenHIO0 ILJIOTHOCTh 3eMJIN MOXKHO ONPEIeNINTh, 3Hasd €€ Maccy U 00hEM.
CpexHsas mwIoTHOCT Oyner pasHa 5,5 - 103 kr/m3.

4. OnpepeneHne macc HebecHbix Ten. Macchl HeGECHBIX TeJ MOMKHO H3Me-
PUTH PasHLIMH CIIOCODAMIU:

1. IIyTéMm umsMepeHUs CUJIBI TSMKECTH Ha MOBEPXHOCTH JTaHHOTO HEe0eCHOTO
Tesia (rpaBUMETPUYECKUI CII0C00).

2. Ilo Tperbemy o00001énHOMY 3aKoHY Kel- m Uy
Jepa.

IlepBuIii cioco0 TPUMEHUTEJABHO K 3eMJie MBI
paccMoTpesau BBIIIIE.

IIpe:xge ueM paccMaTpUBATH BTOPOH CIIOCO0, o
IIPOBEPUM BBIMIOJNIHEHNE TpeThero sakoHa Kemiepa
ISl cay4das KPYroBOTO ABUIKEHUS ILJIAHEThI CO CKO-
pocThiO Uk.

IlycTs Teso mMaccoil m OBUMKETCS C JIMHEWHOM
CKOPOCTBIO Uy BOKDPYT Tena M (m << M) 1o oKpy-  PucyHok 40 — Kpyrosoe
HOCTU pajauyca ri (puc. 40). 9To BO3MOXKHO, €CIU ABUXeHue Ten
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IBUKeHNEe IIPOUCXOIUT IIOJ IelCTBHEM CHJIBI, CO3MA0INel I[eHTPOCTPEMU-

2
U
TeJbHOE YCKOpeHUue a =—I2§. Cuoii, coamaroieii yCKOpeHUe, ABJIAETCS CHJa
rK
2
m UK
TATOTEeHUA, paBHAA 5 - IlpupaBHUBaAsA — K YCKOPEHUIO —5 » co3naBa-
r T, r
K K K
eMomy TATOTEeHUEM, HOJIy‘II/IM, qTo
2
w2 _GM (2)
K r .
K

Eciu mepuon obpaitieHus: Tesa m BOKPYT Tesa M cocraBiseT BpeMs 1, To
JUHeHHAas CKOPOCTh ABUIKEHUSA dTOTO TeJjia o opOuTe paBHA

2nr,
v = —TK . 3)
) GM
IToacraBasas (3) B (2), moaxyuaum: [Zn—Kj =——, WIn
T Ik
3

Té _4752 ’

s samunTudeckKoro aBu:keHusA Gopmysa (4) TakKe cupaBeIinBa, €CJIU
BMECTO Pafiuyca OKPYXXHOCTHU I'y IOJCTABUTHL OOJBIIYIO IOJIYOCh G DJIIUITHU-
YyecKou opOuThel. B TakoM ciydae mMOJYyYMM COOTHOIIIEHUE:

@@ G
T2M  4r2’

(5)

KOTOpOe MOKHO C)OPMYJHPOBATEH CJAEAYIOIINM 00pas3oM: OMmHOULeHUe Kyoa
001bWL0TL nosYyocu opoumeL meaa Kk kgadpamy nepuoda ezo o0pauieHus u Mac-
ce UeHmpaJibH020 mena eCcmb 6eAUYUHA NOCMOSAHHAS.

Ecau maccoit m MeHBIIEro TeJjia HeJlb3s IpeHeOperaTh MO CPaBHEHUIO C
Maccoii M IeHTpaJIbHOTO TejJa, TO B TpeTuii 3akoH Kelllepa, Kak mokasal
Hsiorou, BMecTo maccbl M Boumér cymma mace (M + m) u coorHotieHue (5)
3aluIeTcsa B BUIe:

a® _ G
T (M+m) 4n®

(6)
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06006muB hopmyay (6) mis nByx HebecHBIX Tea maccamu M, u My, moay-
YUM YTOUHEHHBIN TpeTuii 3akoH Kemtepa:

2 3
" (M, +my) o %

2 T3
T, (M, +my) ajy

2 2
T. €. KBaJpaThl CUAepPUYecKux mepuogos cnyTHukos (1) u T, ), yMHOXeH-

HbIe Ha CYMMY Macc IJIaBHOTO Teja u ciyTHuKa (M, + m; m My + msy), OTHO-

CATCA KaK KYObI OOJBINIUX IIOJIYOCEH OPOUT COIYTHUKOB (al3 u ag ) (7).

Ha ocuoBe yrounémuoro HrioroHom (7) Tperhbero 3akoHa Kemiepa mMox-
HO BBIUMCJUTL BTOPHIM CIIOCOO0M KaK MacChl IJIAHET, UMEOINX CIYTHUKH,
tak u maccy CoJHIIa.

MaccsI IIaHeT, He UMeIOIUX CIYTHUKOB, MOTYT OBITH OIpEeIeJIeHbl IO BO3-
MYIIeHnAM, KOTOpbIe OHU BBI3BIBAIOT B ABMKeHUUM 3eMJu, Mapca, acTepou-
OB, KOMET, a TaK:Ke II0 BO3MYIIeHUAM, IPOU3BOAUMBIM UMM APYT Ha APyra.

I''taBHBIC BHIBOIBI
1. 3aK0OH BCeMUPHOTO TATOTEHUS 1 3aKOHBI Kellsiepa — ocHOBa He-

0ecHOII MEeXaHUKH.

2. PeanbHoe qBU:KeHUE HeGECHBIX TeJ — BO3MYIIEHHOE ABUKEHUE,

KOTOpOe 00YCJIOBJIEHO NMPUTAKEHUeM He TOJbKO COJHIIA, HO UM JPYTH-
MU TeJIaMU.

3. Yrounéuusniii HoroToHOM TpeTuii 3axoH Kelepa Imo3BoJIsgeT ompe-

IeJIATh MAaCChl ILJIAHET, MMEIOINX CIYTHUKH, a TaKkye Mmaccy JIYHBI u
CoJuHIIA.

@

KOHTPOJ’IbeIe BONPOCbl N 3agaHnA

1. Kakue 3agaum pelaeT HebecHas MexaHuKa?

2. ChopmynumpyiTe 3aKOH BCEMUPHOrO TAroTeHus. KakoBbl 0CO6EHHOCTU B NCNOJb30-
BaHUM [AHHOMO 3aKOHa AS1A NPOBeAeHMA pacyéTos?

3. Onpegenute mMaccy nnaHetbl YpaH (B mMaccax 3emnu), ecim U3BECTHO, YTO CNYTHUK
YpaHa TtaHuA obpallaeTca BOKPYr HEro ¢ nepruofom 8,7 CyT. Ha CpefHeM pacCToAHMU
438 TbIC. KM. [AnA JIyHbl 3TW BENMYUHBI PaBHbl COOTBETCTBEHHO 27,3 CYT. U 384 TbIC. KM.
4. Kak noHMMaloT B aCTPOHOMUM «3afavy AByX Ten»? «3agady TpEX Ten»?

5. Kak HbloToH 0606wWwmn 3akoHbl Kennepa?

6. Onpegenute cpefHioo nioTHOCTb ConHua, ecnu nepropf obpatueHna 3emnu BOKpyr
ConHua NpuHATE paBHbIM 365 cyT. Mpy pacyétax NPUHATb PAgUYC 3eMHON OpOUTHI
paBHbIM 150 mMnH Km, a pagnyc ConHua — 700 TbiC. KM.
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§ 10. OnpepeneHne pasmepoB HebGeCHbIX Ten
n paccroaHuin ao Hux B ConHeYHON cnucrteme

1. Onpepenevvie pasmepoB 3emnu. IlepBBIil M3BEeCTHBINT HAYKE METON
ompefesieHUs PasMepoB 3eMJM IIPUMEHMJ I'PeUeCKHil YUEHBIH OJpaTocgdeH.
OH BBLIOpaJ OBa ropojga, JeKalluX Ha OJHOM M TOM »Ke reorpaguiyecKom
MepHUaVaHe 3eMHOro Imapa, — Anekcauapuioo (0O;) u Cueny (0s) (puc. 41).
W3 pucyHKa BUIHO, UTO €CJU O003HAUUTDL AJIUHY Ayru mepumuana 0,0, ue-
pes [, a eé yriaoBoe 3HaueHue uepes n (B rpagycax), To AauHa nyru 1° mepu-
nuaHa [, Oyzer paBHa:

l0:

b

g
n

a JJarnHa BCen OKPYHHOCTH MepuanaHa:

L=360°1, _300°%1_om,
n
180°-1
rae R — paguyc 3emHoro mapa. Orcioga | R=——.
nn

HMnuHa nyru MepuavaHa MeXKAy BHIODAHHBIMM Ha 3€eMHOUM ITOBEPXHOCTU
Toukamu O; u Oy B rpajiycax paBHa Pas3HOCTHU reorpapuyecKux IIMUPOT dTUX
TOYEK, T. €. n = AQ = @1 — Q.

Hnuua gyru | — paccrosume me:xkny Anekcaunpueit m CueHoii — ObLia
XOPOIII0 M3BECTHA. YTOJ 1 IdpaTocheH M3MEepPUJ, UCIOJb3yd TO OOCTOATEH-
cTBO, uTo CHueHa JIeKUT Ha Tponmke Paka u B JeHb
JeTHero cojHiectoaHuda CoJHIle B MOJIeHb 3/eCh
0, Habmogamnock B 3enute. A B Anexcauapuu CoiH-
e [0 3eHWTa He MOXOAUJIO W IIIeCT, BPBITHIN mep-
MEeHAUKYJIAPHO B 3eMJI0, OTOpachiBaj TeHb. V3me-
PUB IJUHY 9TOHM TeHU, IpaTocteH MOJTydny 3HaUeHIe
n = 7,2° u guHy OKpPYs;KHOCTU L mpuMepHO 45 ThIC. KM
(coBpemeHnHOe 3HaueHue 40 ThIC. KM).

CoBpeMeHHAas TeoMe3usa pacloiaraeT TOUYHBIMU
MeToaMU [Jis M3MePEeHUs PACCTOAHUI Ha 3€MHOI

PuicyHoK 41 — moBepxHocTu. OnpeseseHre pacCTOAHUA [ MeXKIy
BbluncneHue paguyca roukamu O; m Oy (cM. puc. 41) 3aTpyaHeHO 13-3a

3emnn €CTeCTBEeHHBIX IIPEeNATCTBUH (rop, peK, JecoB U T. II.).

O
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ITosromy gamHa ayru | ompepessieTcd HYTEM BBIYMC- /‘01
JIeHHUH, TpeOyIOIUX U3MepPeHUsa TOJIbKO CPABHUTENb- e .>0A
HO HeOOJIBIIIOTO PACCTOAHUSA — 0asuca W psAga yrJioB. NN '
IToT MeTOon paspaboTaH B reofle3ay 1 HA3BIBAETCA TPH- | % C
auryasmuen (iar. triangulum — TPeyroabHUK). oINS

CyThb ero coctouT B cienyiomnieM. Ilo o6e CTOPOHBI
nyru 0,05, IIUHY KOTOPOUM HEOOXOAMMO ONPEeNeJIuTh, \ RETU
BbIOMpaeTca HECKOJbKOo Touex A, B, C, .. Ha B3auM- N
HBIX paccToAHUAX A0 50 KM ¢ TaKUM PacuEéTOM, UTOObI . .’
M3 Ka)KJIOU TOUKMU OBLLIM BUAHBI II0 MEHBIIIEH Mepe IBe g
Ipyrue Touku (puc. 42). 2

Ilnuny 6asuca OUEHbL TIIATENBHO M3MEpAIOT cie-  FVCYHOK 42 — Meton
UAJbLHBIMY MEPHBIMHU JeHTamMu. 3MepeHHbIe YIJIbL B TPranrynaumm
TpeyroJbHNKaxX U AJUHa 0asuca IMO3BOJIAIOT IO TPUTOHOMETPUUYECKHM (op-
MyJIaM BBIYUCJIUTH CTOPOHBI TPEYTOJbHUKOB, a M0 HUM — AJuHYy Ayru 004
C YUYETOM €€ KPUBUSHBEI.

B Poccuu ¢ 1816 mo 1855 r. mox pykosozcTeom B. f. Crpyse ObLTa 13-
MepeHa ayra mepuauata ganaoi 2800 km. B 30-e rr. XX B. BBICOKOTOUYHBIE
rpagycHble usmMmepenud Ob1u nmpoBeneHbl B CCCP mox pykoBoacTBoM mpodec-
copa @. H. Kpacosckoro.

TpuaHTyIAIINOHHBIE U3MEPEHNA IOKas3a I, UTo AJNHA Iyru 1° mepuamnaHa
He OOWMHAKOBA IIOJl PA3HBIMU IITUPOTAMM: OKOJIO 9KBaTopa oHa paBHa 110,6 xwm,
a oKoJio moJrrocoB — 111,7 KM, T. e. yBeIMUNBAETCA K IOJIIOCAM.

WctunHaa ¢opma 3eMJIU He MOMKET OLITh IIpeACTaBJIeHa HU OSHUM U3 13-
BECTHBIX reoMeTpuuecKux Tej. IlosTomy B reomesuu u rpaBuMeTpuun (POpMy
3eMJIM CUMTAIOT T€OUAOM, T. €. TEJIOM C IIOBEPXHOCTBHIO, OJM3KON K IIOBEPX-
HOCTU CIIOKOMHOTO OKeaHa M IIPOJOJKEeHHOU II0J MaTepUKaMU.

B macTosIee BpemMA CO3MaHBI TPUAHTYJIAINNOHHBIE CETH CO CJIOMKHOM pa-
IUOJOKAIIMOHHOI aImapaTypoii, YCTaHOBJIEHHOM HAa HA3eMHBLIX NYHKTaxX, U
C OTPaAYKATEJNAMM HA I'eOJe3WUYeCKNX NCKYCCTBEHHBIX CIIYTHUKAX 3€MJM, UTO
MIO3BOJIAET TOYHO BBIUUCIATL PACCTOAHUSA MEXKAY MMYHKTaMU. SHAYUTEIbHBIA
BKJIQJ B Pa3BUTHE KOCMHWYECKOH reofesruy BHEC yporkeHer Bemapycu — m3-
BECTHBIN reofesucT, ruaporpad u acrpounom M. 1. Kouroaosuu. Ha ocuo-
Be M3YUeHUd AUHAMUKM ABMIKEHUSA MCKYCCTBEHHBIX CHOYTHUKOB 3eMJIU OH
YTOUHHUJ C)KaTHe HaIlled IJIaHeThl 1 HecuMMeTpudHOCTH CeBepHOro m IO:k-
HOTO IIOJIYIapui.

2. OnpepeneHne pacCTOAHUIA METOAOM ropM3oHTasibHOro napamnakca. Ka-
JKyIeecs CMeIlleHe CBeTUJa, 00yCJIOBJIEHHOe IlepeMellleHreM HabIomaTesnsd,
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S A Ha3bIBaeTCA IIapaJdJaKTU4YeCKUM CMeEIlleHUu-

Ceetuno €M MJIN IIapaJJjJaKCOM CBeTHJia. Hapamlalc-

THUYEeCKHNe CMellleHusda CBeTHuJjia TeM 00J1b-
aie, 4yeMm OJmaKe OHO K Haﬁmo,aa'remo u 9yeM

Mns
3emn OoJibIrie ITepeMellleHre HaOMI0oaTed.
PucyHoK 43 — lopu3oHTanbHbIN Onpenenenue paccrosuuii go rex Cou-
napannakc csetuna HEUYHO! CHCTeMBI OCHOBAHO Ha HU3MepeHUU

WX TOPUB0HTAJBHBIX MapaiIaKCcoOB. YTOJI P,

OJ KOTOPBHIM CO CBETWJIA BUAEH PAAUYC 3eMJIU, MEePIEeHANKYIAPHBIA K JIYyUy
3peHNsI, Ha3bIBaeTCA TOPU30OHTAJIBHBIM MapajiaakcoMm (puc. 43). Uem OoJbiire
paccTosiHme M0 CBeTUJia, TeM MeHbIIle YToJI p.

3HadA TOPU3OHTAJLHBIN HapajljiakC CBETHJIA, MOYKHO OIPENEeJIUTh er0 pac-
R
sin p
Ry — paguyc 3emuu. IlpunaaB Rg 3a eTUHUITY, MOYKHO BBIPA3UTH PACCTOSHUE
[0 CBETUJIa B 3€MHBIX DaJgUycax.

croauue D = SO ot neurpa 3emuau. Paccrosuue mno csetunaa D = , TIe

Hampuwmep, mapamnake Couama pe = 8,794”. Ilapannaxcy Coiania co-
OTBETCTBYET cpelHee paccrosuue or 3emau a0 CojHIIa, IPUMEPHO pPaBHOE
149,6 muH KM. 9TO paccTosHNE NPUHUMAETCA 34 OAHY aCTPOHOMUYECKYIO
equauny (1 a. e.). B acTpoHOMUYeCKUX eIUHUIAX YIOOHO M3MEPATH PACCTO-
AHUA Mexxay Teaamu COJTHEUHOM CHCTEeMBI.

IIpm maneIx yraax sin p ~ p, ecam yroJa p BbIpa)kKeH B paguaHax. HKciau
YToJI p BBIpa)KeH B CEeKYHIaX AYTH, TO BBOAUTCSI MHOKUTEIH

1
206 265’

"

raoe 206 265 — uucao ceKyHA B omHOM panuane. Torma

sin p”" = p"sinl” - P _4|D =M

" R@'
206 265 p’

Ira (popMysa 3HAUNTEIHHO YIIPOIIlaeT BLIUMCJIEHNE paccToaHusa D 10 cBe-
THJIA II0 U3BECTHOMY Hapajljiakcy p.

3. PagmnonokaunoHHbiin metopq. [lyia ompenesnenus paccroanuii xo tea Cour-
HEYHON CHCTEMbI MCIIOJL3YIOTCA HamboJiee TOUHBIE METOALI M3MEePeHUN —
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paanoIoKaIMOHHbIe U3MepeHua. VsamepuB Bpema £, HeoOXoamuMoOe AJIA TOTO,
YTOOBI PAAMOJOKAIIMOHHLIN MMITYJbC HOCTUT HeOECHOTro Teja, OTPa3uJCA U
BepHYJICS Ha 3eMJI0, BEIUHCIAIOT paccTosduue D 10 9TOro Teja mo GopMmyJie

D:cz,
2

IrZle ¢ — CKOPOCTh CBeTa, paBHas mpumepuo 3 - 108 m/c.

C moMoIIbI0 pasuoIOKauy OIIpe/iesieHbl HanboJiee TOUHBIE 3HAUEHUA pac-
croaaui 10 Tea COIHeUHON CHUCTEeMbI, YTOUHEHbI PACCTOAHUSI MEXKIY MaTepu-
Kamu 3emJu, 00Jiee TOUHO OIpezesieHa acTpoHoMHuUecKkaa equuumna (1 a. e. =
= 149 597 870 = 2 xm).

MeTtoabl JasepHOM JOoKaIuu (MCIIOJNLI3YIOIINEe, HAIIPUMEP, CIelnaJbHbIe
YTOJIKOBBIE OTpa’KaTesu, JOoCTaBJIeHHbIe Ha JIYHY) IT03BOJIUIN U3MEPHUTDH pac-
cTOAHUA OT 3eMJu 10 JIYHBI ¢ TOYHOCTHIO 10 HECKOJBKUX CAHTUMETPOB.

4. OnpepgeneHue pasmepoB Ten ConHeuHom cuctembl. IIpu HabMIOMEeHUAX
HebGecHBIX Tes COTHEUHOH CHCTEMBI MOYKHO M3MEPUTH YTOJ, MO KOTOPHIM OHU
BUAHBLI Habsiomatesio ¢ 3emyu. 3Hasd YIJIOBOM paguyc cBetuaa p (puc. 44)
u paccrosuue D 10 cBeTHJIa, MOYKHO BBIUKMCIUTEL JUHEHHBINA paguyc R 9Toro
cBetmJja no gopmyse

R =D - sin p.

Teno
ConHeuHon
CUCTEMBI

PucyHok 44 — OnpepgeneHuve nuHenHbIX pa3mepoB Ten ConHeyHon cuctembl
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ITo ompemeeHNIO0 TOPU3OHTAIBLHOIO Hapajiiakca, paguyc 3emin Rg BuIeH
€O CBeTHJIa IO YIJIOM P, TOTAA MOJYUNM:

R sinp

— Rg.
sin p

Taxk Kak 3HaYeHUA YIUIOB p 1 p MaJibl, OKOHYATEeJIbHO NMeeM:

"

r-2R,.
p

Omnpenesenne pasMepoB HEOECHBIX TeJ TAKHMM CIOCOOOM BO3MOYKHO TOJIb-
KO TOTJa, KOTJAa BUAHBI UX TUCKU.

@ T'1aBubBIE BBIBOJIbI

1. B ocHOBY MeToza ompejeieHNs PasMepPoB 3eMJIN II0J0MKEHbI I'pa-
IyCHBbIEe M3MepeHusA (TPUAHTYIAIINA) IJIUH YT Ha €€ IMOBEPXHOCTHU.

2. OnpeneneHue paccTosaHuii 1o Tea CoJHEUHOI CHUCTeMbl OCHOBAHO
Ha M3MEepeHUN MaJIbIX YIJIOB (IapaJijiakcoB). B HacrosIiee BpeMda AJd
9TOT0 MCIIOJIB3YIOTCA METOIbI JIa3€PHOM JIOKAINN 1 PASUOJIOKAINN.

3. Ilyia uamMepeHUs: pacCcTOAHUN Mexay TeaaMyu COTHEUHOUN CHCTEMbI
HMCIOJIb3yeTcA acTpoHoMuuecKasa exmuuna (1 a. e.), paBHaA IPUMEPHO
149,6 MJIH KM.

4. Ompepenenne padmepoB Tes CoIHEUHON CHCTEMbI OCHOBAHO Ha W3-
MepPeHUU YIJIOBBIX PAIUYCOB U PACCTOSHUI M0 HUX.

@ KOHTpOﬂbeIe BOMPOCbl N 3afaHNA

1. Kakum obpa3om rpeueckuin yuéHolin dpatocheH onpepnenun pasmepbl 3emnn?

2. Kak onpegfensioTt favHy Oyrv MepuvMaHa TPUaHrynaumoHHbIM METOA0M?

3. Y10 MOHMMaIOT NoJ ropr30HTasNIbHLIM Mapannakcom?

4. Kak onpefiennTb pacCTosHUe [0 CBETUSIA, 3HaA €ro ropr3oHTaNbHbIN Napannakc?
5. Yto Takoe acTpoHOMMYecKasa eguHuLa?

6. Ha Kakom pacctoaHunn oT 3emMnun HaxoauTcsa HebecHoe Teno, ecnn ero ropu3oHTasb-
HbI Napannakc paseH 177

7. B uém cocTouT paanonoKaLMOHHbIN MeToh onpefdesieHnsa paccToaHun fo Hebec-
HblX Ten?

8. Onpepenute NHeRHbIA paguyc JyHbl, ecnn BO BpeMA HabnogeHWin cTano n3BecT-
HO, UTO €€ ropPU3OHTalbHBIN Napanakc B 3TO Bpems paBeH 57’, a yrnoBon pagnyc —
15,5". Paguyc 3emnun NnpuHATL paBHbIM 6400 KMm.
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§ 11. iIBMKeHne KOCMNYeCKNX annapaTtos

1. Kocmnyeckune ckopoctu. Haubosiee mpocToii cayuail ABUIKEHUSA TeJ
BOJIM3U MMOBEPXHOCTH 3eMJIN IOJ AefiCTBMEeM CHUJILI TSIKeCTH — CBOOOIHOEe Ia-
IeHNe ¢ HavaJIbHOII CKOPOCTBIO, PABHOU HYJI0. B 9TOM ciyuae TeJjio ABUIKET-
cA TPAMOJUHENHO ¢ YCKOPeHMeM CBOOOMHOTO MaAeHWusA IO HAIIPaBJIEHUIO K
meHTpy 3eMmun. Eciau Tejao mMeeT HAYAJIBHYIO CKOPOCTDH, BeJIMUMHA KOTOPOM
OTJIMYHA OT HYJiA, U €€ BeKTOpP HaIpaBJieH He II0 BePTHUKAJIU, TO TEJO IO
IeliCTBMEeM CHUJIbl TAMKECTH HAYHET JBUTaThCA C YCKOPEHUeM CBOOOTHOTO Ia-
JeHUs 0 KPUBOJUHEHHON TPAaeKTOPUH.

PaccmorpuM Teso, HaxoAsllleecd 3a IpelelaMy 3eMHOI aTMocdepsl.
IIpeamoo:KuM, UTO BEKTOP HAUYAJIbHOI CKOPOCTH STOTO Tejia HaIllpaBJeH II0
KacaTeJbHON K MOBEPXHOCTH 3eMJH. B 3aBUCHMMOCTH OT 3HAUYEHUA HAYAD-
HOM CKOPOCTHU HaJibHeiilllee ABUKEHME TeJIa MOYKEeT ObITh Pa3IHUHBIM:

a) IPU MAaJIBIX HAYAJIBHBIX CKOPOCTAX (Vg1, Vg2, Ug3) TEJIO YIAAET Ha 3eMJIIO;

0) Ipu HEKOTOPOM OIIPENeIEHHOM 3HAUEHUU CKOPOCTU U; (mepBasg KOCMU-
YecKas CKOPOCTh) TeJIO CTAHET MCKYCCTBEHHBLIM CIIYTHUKOM W HAUYHET obpa-
IIAThCA BOKPYT 3eMJIH II0JJ00HO €€ eCTeCTBEHHOMY CIIyTHUKY — JIyHe;

B) IIpHU eIé OOJIbIIIEeM YBEJIUUYEeHUN 3HAUEHUS CKOPOCTH U JOCTUKEHUU
CJIEAYIOIIEro OIPENeJIEHHOTO 3HAUEHUA Uy (BTOpas KOCMHYECKas CKOPOCTH)
TeJIo YHAET oT 3eMJX TaK JajIeKO, YTO CHUJIa 3eMHOr0 HPUTSKEHUS IPaKTHU-
yecKHU He OyIeT BAMATH HA ero ABM:KeHUe. Tesio HauHET o6palaThbCA BOKPYT
Comauia mogo0HO MCKYCCTBEHHOI IIJaHeTe;

I') HAKOHEI[, eCJII CKOPOCTh TeJia JOCTUTHET OIIPEeNeIEHHOTO 3HAYEHUSA Ug
(TpeThsa KOCMHMUYECKAas CKOPOCTh), TO JaHHOe TeJI0 HaBcerma yiumér us Coirmey-
HOH cHCTeMbI B IpOoCTpaucTBO 'alakKTUKHU.

PaccmoTpuMm cayuaii, Korga TeJO CTAHOBUTCA MCKYCCTBEHHBLIM CITYTHHU-
KoM 3eMJH, T. €. OIPEAEeJUM IIePBYI0 KOCMHUUECKYIO CKOPOCTh ;. Haiigém
9Ty CKOPOCTHL II0 BTOPOMY 3aKOHY HbIOTOHA M3 YCJIOBUS, UTO HOJ AeHCTBUEM
CHUJIBI TATOTEHUS TEJIO MpUoOpeTaeT IEeHTPOCTPEMUTEIbHOE YCKOPEHE:

mM
=ma

2 I’
Ropﬁ

(1)

rae R,,s = R + h — cpennuii paguyc opoutsl Tena (puc. 45), R — paaumyc
3emutn, i — BBICOTA TeJa HAJ IIOBEPXHOCTbIO Semun, M — macca 3emuin, m —
Macca Teja (CIIyTHUKA).
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CnyTHUK I3 Hdnda 1meHTPOCTPEMUTEJbHOTO YCKOpPEeHUdA

2 2
Uy Uy
a. = = . HO,JICT&BJIHH 9TO BBIDAMKEHUE
’ 17
’ R R+h
K . op6

B opmyay (1), mocae COKpaIeHuil moaydaem:

Ul= GM.
k V R+h

¥V moBepxHOCTU 3eMJIM C YUETOM BBIPAYKEHUS

S mme=="

’
oo 3emna -7 M
RREE Tl IJIsl YCKOPEHUsS CBOOOJHOIO HaJeHUs ngﬁ
PucyHok 45 — [1BuxkeHune
. MO:KHO moJyioxKuTh h = 0. Torga mepBas KOCMU-
CMYTHMKA MO KPYroBomn B
op6uTe yecKas CKOpPOCTh (6e3 yuéTa COIPOTUBIEHUSA BO3-

Jyxa) paBHA:
v, =+/gR =+/9,8-6,37-10° =7,9-10% m/c. (2)

TakuM 06pasoM, TeI0, CKOPOCTh KOTOporo pasHa 7,9 - 10% m/c u Hampas-
JieHa II0 KacaTeJbHOM OTHOCHUTEJNHHO IMOBEPXHOCTH 3eMJIM, CTAHOBUTCSA WC-
KYCCTBEHHBLIM CIIYTHUKOM 3eMJIU, IBUKYIIUMCSA II0 KPYTroBOH opOuTe HaL
3eméii. B HebecHOI MexaHHMKe IIepBas KOCMHUUYECKAs CKOPOCTh HA3LIBAETCS
TaK'Ke KPYroBOH CKOPOCTHIO.

Bropaa xocMuuecKas CKOPOCTBL OIIpeJeIdeTcA M3 YCJIOBUSA, UTO TEJO
IOJIXKHO yiTu m3 chepbl 3eMHOr0 TATOTEHHS U cTaTh cuyTHuKoM CoJHIIA.
Pacuérnr garoT ciaenyioliee BhIpasKeHUe JJIA ONPeAeJIeHUA BTOPOM KOCMUYe-
CKOHI ckopocTu (0e3 yuéra cOIPOTHUBJIEHUA BO3AyXa):

v, =/2¢R, (3)

rae R — pagunyc 3eMJIn.
Hcnonbsysa Beipaskenue (2), HAaXOIUM:

vy =0; /2. (4)

ITogcraBasasa B (4) y:Ke M3BeCTHOe HAM 3HAUEHHE IIEPBOM KOCMUYECKOM
CKOPOCTH, IIOJYUYNM, ITO ¥ IOBepXHOocTH Semun vy ~ 11,2 - 102 m/c. Bropas
KocMUYecKas CKOPOCTh Ha3bIBaeTCA TaK:Ke CKOPOCTBHIO OCBOOO:KIeHUA (ybe-
TaHWA, YCKOJb3aHU) NIN MAapadoIHuIeCKOi CKOPOCTHIO.
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TpeThbs KOCMHUUYECKAAd CKOPOCTD, UM IMIEePOOJINYecKasa CKOPOCTh, — 9TO
HAMEeHbIITasd HavaJbHasd CKOPOCTh, C KOTOPOM TEJIO JOJIXKHO IIPEOH0JIeTh 3eM-
HOe IPUTSAMKEHNEe U BBIATH HA OKOJOCOJHEUHYIO OPOUTY CO CKOPOCTBIO, He-
00X0oMMOIl IJi TOro, YTOOBI HaBCerjga IMOKMHYTh Ipeeabl CoIHeuHOI cuc-
TeMBbI.

Pacuérel garoT ciaenyoilyo (GopMyJy AJA HAXOMIEHUS BEJIUYUHBI 9TOMN
CKOPOCTH:

Uy :\/(x/§—1)202+v§, (5)

roe v ~ 29,8 - 103 M/c — ckopocTs BeMiIM HA KPYyroBOH OpOHUTE ABHIKEHUS
Bokpyr CoaHIIA.

IlogcTaBasAs 3HaYeHWE BTOPON KOCMUUYECKON CKOPOCTU Uy B (D) m mpo-
Bels PaCUEéT, IMOJYUYUM, UTO TEJO AOJIMKHO MMETh MHUHHMAJbHYIO CKOPOCTH
v3 ~ 16,7 - 103 M/C, YTOOBI HOKUHYTDH Ipenesibl COTHEUHO CUCTEMBI.

2. Op6uTbl KOCMUYecKux annapatoB. PacuéTel TpaeKToOpUil MOJETOB KOCMU-
YeCKUX alllapaToB CBA3AHBI ¢ MCIIOJb30BAHUEM 3aKOHOB HEOECHOU MeXaHU’-
ku. Ciaexyer 3aMeTUTh, YTO JBUKEHNE KOCMHUYECKUX aIlapaTOB OIMCHIBAET-
cd II0 3aKOHAM He0eCHO! MeXaHUKHU TOJBHKO II0CJe BBIKJIIOUEHUS PEaKTUBHBIX
nsurateneii. Ha maccuBHOM ydacTKe TpaeKTopuu (T. e. IOCJe BBIKJIIOUEHUA
JIBUTATEJIeN) KOCMUYECKUe alllapaThl ABUMKYTCA IOJ IeHCTBUEM IIPUTIKEHUA
3emun u apyrux tes CoJHEUHON CHUCTEMBbI.

JJIeMeHThI OPOUTHI MCKYCCTBEHHBIX CIIYTHUKOB 3eMJM B3aMMOCBA3aHbBI
MeKOy co0oil opmyaoii

vy =GM 2.1 (6)
Iy @

rle Vg — HavaJibHasg CKOPOCTh CITyTHUKA, M — Macca 3eMJu, rg — PaccTo-
sSIHUEe TOUYKMW BBIXOJIa COYTHMKA HAa OPOUTY OT IeHTpa 3eMJiu, a — OOoJIbIasd
IMOJIYOCh OPOUTHI CIIYTHUKA.

OKCIIEHTPUCUTET OPOUTHI € MPU TOPUBOHTAJILHOM 3allyCKe CIYTHUKA
paBeH:

(7

Tlle ¢ — paccTosHue nepures (OIMKaiIneil TOUKU OPOUTHI OT IeHTPa SeMJIN).
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B cayuae sanunruueckoin opouts! (puc. 46): ¢ = a(l — e) = R + hp, roe
hp — JwHeWHAasA BBICOTA IepuUres HaJ IIOBEPXHOCTHIO 3emun. PaccTosHue amo-
red (HamboJee yIaJIEHHOM TOUKU OPOUTHI OT ImeHTpa 3eMan): @ = a(l + e) =
= R + hy,, rne hp, — BBICOTA amoresd HaJl 3eMHOM MOBEPXHOCTBHIO, R — paau-
yc 3eMJu.

Ha pucynke 47 mokasaHbI OpPOUTHI KOCMUUYECKHUX allapaToB 0e3 yuéra
BO3MYIIIEHNUI, T. €. KOTJa ammapaTrsl octaioresa BOausu 3emuau. Ho Korma xoc-
MHUUYECKHH alapar yIaJuTCa OT 3eMJIN Ha 3HAUYUTEJIbLHOe PACCTOSAHNE, TO Ha
JaJIbHEHIIIee ero ABUKEeHNe OyeT OKasbIBATh BJIMSHHUE IIPEXKe BCEro IIPUT-
skeune Comauna. Pagmyc chepsbl meficTBuA 3eMJIN NPUHUMAIOT PAaBHBIM IPH-
mepuo 930 ThIC. KM; Ha rpaHuiie 3Toi chepbl Bauanue ConHIla 1 3eMJIN Ha
KOCMUUYECKHMH ammapaT OAMHAKOBO. MOMEHT HOCTHKeHUSA TI'PAaHUIBI chephl
IefcTBUS 3eMJM CUMTaeTcsd MOMEHTOM BBLIXOZa KOCMHUUYECKOI'o allapaTa Ha
opbuty orHocuTteabHO COJIHIIA.

IIpu samycke KOCMHUYECKHUX allllapaTOB K APYTUM IIJIaHETAM HCXONAT U3
CJIEeIYIOIMUX OCHOBHBIX COOOpaKeHMI:

1) reomeHTpHUYEeCKasaA CKOPOCTHL KOCMMUYECKOIrO ammapara IIPH BBIXOAe Ha
OpOUTY OTHOCHUTEIHLHO 3eMJIM HOJMKHA IIPEBBINIATHE BTOPYIO KOCMHUYECKYIO
CKOPOCTB;

2) renuoleHTpUUECcKad OpOMTa KOCMUUECKOTO allllapaTa AOJ:KHa Iepece-
KaThCs ¢ OpOUTOHN MaHHOM ILJIaHEThI;

4
3
2a
A
PucyHoKk 46 — dnnuntunyeckas PucyHok 47 — ®opmbl OpOUT KOCMUYECKINX
op6uTa NCKYCCTBEHHOTO annapatos: 1 — KpyroBas; 2 — 31AunTuyecKas;

CNyTHUKa 3emnu 3 — napa6onuueckas; 4 — runep6onuyeckas
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3) MOMEHT 3aIlycKa HeoOXOoOuMO BBIOPATH
TaK, YTOOLI opOuTa ObLIa HanboJgee OMTIMATh-
HOII ¢ TOYKM 3PEHUs CPOKOB II0JIETA, 3aTpaT
TOILJIMBA U PAJA IPYTUX TPeGOBaHUIA.

OIHUM U3 KJIACCOB MEKILJIAHETHBLIX TPaeK-
TOPUI ABJSIIOTCA YHEPTeTUUYECKU OINTUMAJb-
Hble OpPOUTHI, KOTOPbIE COOTBETCTBYIOT Ham-
MEeHbIIIell TeOIeHTPUUYECKON CKOPOCTH KOocC-
MHUUYECKHUX allllapaTOB B MOMEHT JOCTUIKEHUS
rpaHuNLI cepsl AeticTBua 3emuu. Ha pucyu-

Ke 48 yKasaHa TakKasd TpaeKTopusd IepeiéTa S~ __ -

Ha Mapc, mMoCTpOeHHAs Ha IPEeHOJIOMKEeHNUH, PucyHok 48 — omMaHOBCKas
yro opbutsl 3emau u Mapca Kpyroswie. [lamH- TpaeKTopus nepenéra
Hasi opOMTAa HOCUT Ha3BaHUe IOMaHOBCKOI, ¢ 3emnu Ha Mapc

TaKk KaK HasBaHa B YeCTh HEMEIIKOI'0 aCTPOHO-
ma Banprepa 'omaHa, 3aHMMAaBIIIEroCA TeOPUEN MEKILJIAHETHBIX ITOJIETOB.

B MoMeHT 3amycKa KOCMUYECKOTO ammapara 3eMJisd HaXOOuTCA B ToOuKe 1.
TenuonieHTpUUECKas CKOPOCTh Uy KOCMHUYECKOTO almapara AoJI»KHa OLITH Ha-
IIpaBJieHa TaK JKe, KaK U TeJIMOIeHTPUUYEeCcKass CKOPOCTh 3eMJau, — II0 Kaca-
TeJbHOU K opOuTe 3emur. MoMeHT 3amycKa cjeayeT Imogo0paTh TaK, YTOOBI
KocMuuecKui anmapatr u Mapc, ABUrasch IO CBOMM OpOMTaM, SOCTHUIJINA Of-
HOBpeMeHHO TouKu 2. BykBoit S o0o3Haueno CosHile. PacuéTsl MOKas3bIBAIOT,
uyTO BpeMs IoJéTra ¢ 3eMJu Ao Mapca o yKasaHHOII TPAaeKTOPUU COCTABUT
259 cyTok (He cumTas CPAaBHUTEJIbHO KOPOTKOT'O BpPEeMeHU II0JIETA M0 I'PaHU-
bl cephbl JeicTBUA 3eMJIN).

3. Mpo6nembl N NepcneKTUBbl KOCMUYeCKUX nccnegosaHuii. KocmonasTu-
Ka — KOMILJIEeKCHasA OTPacjb HAyKUW U TeXHUKHU, 00eCIIeunBaroIasa NCCaemo-
BaHMe U HCIIOJIb30BaHME KOCMHUYECKOrOo IIPOCTPAHCTBA C IIOMOIIbIO aBTOMA-
TUYECKUX U MUJIOTUPYEMBIX KOCMUUYECKHUX alnapaToB. [JIaBHBIMU 3amadyaMu
KOCMOHABTHUKHY (B MOPSAAKE WX NOCTUKEHUS) ABJIAIOTCA: BBHIBOJ HMCKYCCTBEH-
HOTO CIIyTHUKA Ha opbuTy 3eMju, MOJIET YeJI0OBeKa B KOCMOC, IIOJIET UeJIOBe-
Ka Ha JIyHy, TOJIET YeJloBeKa Ha Apyrue ILJIaHeThl, IMOJIET K 3Bé3gaM. IlepBbie
TPHU IIeJU JOCTUTHYTHI.

Hauajso xocmuuecKoit apbl 0bL10 mosioskeHo B CCCP 3amyckoM ImepBOTro
NCKYCCTBEHHOTO cIyTHHUKa 3emau 4 oktsaopa 1957 r. Bropas BakHeiimias
JaTta KocMuueckoil spel — 12 ampena 1961 r. B stor geus 0. A. Tarapun
BIIEPBBIE B MCTOPUM UYeJOBEUECTBa COBEPIINUJ IIOJET B KOCMOC Ha KOCMUYE-
ckoM KopabJyie «BocTok». TpeThe MCTOPHUUECKOE COOBITHE KOCMOHABTUKI —
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0. A. TarapuH M. N. Knumyk B. B. KoBanéHok O. B. HoBuukKnin

mepBas JIYyHHAs 9KCOeTUINA, ocylnecTBiIéHHaa 16—24 uiona 1969 r. amepu-
kKaHckuMu actpoHasramu H. Apmcrporrom, M. Komauuszom u 9. OnapuHOM.
3HAUYNTEJbHBIN BKJA B UCCJEeIOBAHNE KOCMHUYECKOTO IIPOCTPAHCTBA BHECJU
u KocMmoHaBThI-0esopychl II. 1. Kaumyk u B. B. Kopanéuok, O. B. Hosuii-
Kuii. [IoméTel yeI0BEeKa B KOCMOC IJIS HAC CTANH yiKe MOUTH OOBITeHHBIM SB-
JIeHuEeM.

KocmonaBTHKAa crmocoOCTBOBaIa BOSHUKHOBEHUIO 1 PA3BUTUIO HOBBIX TeX-
HoJIoTUI. B mepcrmeKkTuBe — II00adbHBINA 9KOJOTUUYECKUHA MOHUTOPUHT 3eM-
JI, YCTPaHeHNe Yrpo3 acTePOUIHO-KOMETHOMN OIIACHOCTH.

CoBpeMeHHas TeOPUA KOCMUUECKUX IIOJIETOB — ACTPOAMHAMHUKA — OCHO-
BaHAa HaA KJacCHUUEeCKOll HeOecHOU MeXaHWKe M TeOPUHU YIPaBJICHUS IBUKEHU-
eM JieTaTeJbHBIX amnmnapaToB. KOoCMOHaABTMKAa HY:KIAETCsS B TIATEJbHON pas-
paboTKe ONTHUMAJbHBLIX TPAEKTOPUUA KOCMUYECKUX AllapaToB C YUYETOM pdAmIa
YCJIOBUM M OTpaHMUYEeHUN.

CosgaHne pakeTHO-KOCMHUUYECKUX KOMILIEKCOB — BechbMa CJIOKHAasd Hayd-
HO-TexXHHnUecKasa mpodiaeMa. KocMuuecKkue anmapaTrsl JOJKHBI 00J1a1aTh CIIO-
COOHOCTBIO K AJUTEIbHOMY CAMOCTOATEILHOMY (DYHKIIMOHUPOBAHUIO B YCJIO-
BUAX KOCMHUYECKOTO IIpocTpaHcTBa. Kpome TOro, BOSHUKAET PAJ MOIIOJHIU-
TeJbHBIX MEeIUKO-OMOJIOTUUECKUX IIPo0JeM (3aIUTa OT KOCMHUUYECKOU CPeabl,
JKusHeoOeceueHNe 9KUMOaKa M T. 1.). Becé aTo TpebyeT paspaboTKu CIeiu-
ambHBIX cucTeM. g obecreueHUs IMOJETOB KOCMUYECKHX allapaToB HeoO0-
XOoAUMa IUPOKAasa CeTh HAa3eMHBIX CJIYKO yIIpaBJIeHUS.

ITo cBoeit cymiHOCTM KOCMOHABTHMKA — 3TO 00JIacTh OOIIleYesIoBeYeCKOom
IesaTeIbHOCTH, U IPOBOAMMAA Jaske B paMKaX HAIIMOHAJIBHBIX IPOEKTOB OHA
3aTparuBaeT WHTepPechbl MHOTUX CTPaH.
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@ I'maBHBIE BHIBOOBI

1. CxopocTh, IIpU KOTOPOM KOCMHUECKHH amliapaT BLIBOAUTCS Ha
KPYTOBYIO OPOUTY BOKPYT HEOECHOTO Teja, Ha3bIBAETCS IIEPBOM KOCMU-
YeCKON CKOPOCTHIO.

2. CxopocTh, HeoOXomAMAas AJIS TOTO, YTOOBI KOCMHUUYECKHUH ammaparT
BBIIIIEJI 13 c(hephbl I'PABUTAIIMOHHOTO AeHCTBUA 3eMJIM U 00paliaics BO-
Kpyr CoJiHIIa, HAa3LIBAETCSA BTOPOI KOCMUYECKON CKOPOCTHIO.

3. CropocTh, TP KOTOPOI KOCMHUECKUH AaIlapar, 3amyIlneHHbIN
¢ 3emau, mokuHeT CONHEUHYIO CHUCTEMY, Ha3bIBAETCA TPEThEN KOCMMU-
YEeCKOM CKOPOCTBIO.

4. OpOuUTHI KOCMUUYECKUX aIllllapaTOB IIPEeACTaBJIAIOT CO0OM dJIeMeH-
THI BJIIUIICOB, ITapaboJ u rumepoo..

KOHTPOJ’IbeIe BONMPOCbI N 3agaHnNA

1. OnuwuTe Nepsylo, BTOPYIO N TPETbI0 KOCMUYECKNE CKOPOCTMU.

2. OnpepenvTte nepuop obpalleHnA NCKYCCTBEHHOro CMyTHUKa 3emMnu, eCnn HauBbiC-
LadA ToUKa ero opbuTbl Hag NoBepxHocTblo 3emnn 36 000 KM, a HanHM3Waa — 300 Km.
3emsio cumTaThb WApoM pagnycom 6370 Km.

3. Mo KakMm opbuTam MOryT ABUraTbCA KOCMMUUYECKMe annapaTtbl? Kakum reometpuye-
CKMM JINHWAM COOTBETCTBYIOT OpOMTbI KOCMMYECKMX anmnapaToB AfA NepBoi, BTOPOW 1
TpeTben KOCMUYECKMX CKOPOCTEn?

4. Kakre opbuTbl KOCMUYECKMX annapaToB Ha3blBalOT rOMaHOBCKUMM?

5. Paccuntante nepByio 1 BTOPYIO KOCMUYECKMe CKOPOCTW Aana JlyHbl. YuTute, 4to mMac-
ca JlyHbl — 7,35 « 10?? kr, a eé pagnyc — 1740 Kkm.



Paspen IV

CPABHUTEJIbHAA
NMJAHETOJIOIA

§ 12. O6wme XxapaKTepuCTUKN M1aHeT.
MpoucxoxaeHne ConHeyHoM cnCTembl

1. CrpoeHune un coctae Conneunon cucremsl. IToxg ComHeuHO# cHCTEMOM TIO-
HUMaeTCsA BCE KOCMHUYECKOE IIPOCTPAHCTBO M BCA MAaTepud, HAXOAAIIASICST B
chepe npursixenusa Counnima. CoJHeuHas cucTeMa BKJIIOUAET B cebda: 3Be3ay
CoutHIIE, PACIIOJIOKEHHYIO B IIEHTPE CUCTEMBI; IIJIAHEThI CO CITyTHUKAaMM; Kap-
JIMKOBBIE ILJIAHETHI; MaJibie Teja (acTepoubl, KOMETHI, MEeTeOPUTHBIE U MeTe-
OpHBIE TeJja), a TaKiKe MeKIIJIAHeTHYIO HbLIb, IJIasMy W (pusuuecKue IIOoJsa B
YKa3aHHBIX I'DaHUIAX.

B Coaneunoii cucteMme HaxoauTcsa 8 0onbinux miaaHeT. Ilo Mepe ymameHus
ot CoJIHIIa OHU PACIIOJOKEHBI B caedyioileM mopsanke: MepKypuii, Beuepa,
3emasa, Mapc, FOnurep, Carypu, ¥Ypan, HenryH.

IInameroii Ha3bIBAIOT HeOeCHOE TeJ0, ABUIKYINleeCs BOKPYT 3Be3AbI B €€
rpaBUTAIlIOHHOM II0Je, mMeolinee opmMy, OJU3KYI0 K chepruuecKoii, cBeTs-
mreecsa OTPAKEHHBLIM OT 3Be3JIbl CBETOM M PACUMCTHUBINEe 00JacTh CBOEH Op-
OUTHI OT OIPYTUX MeJKUX O00BbeKTOB. BBLIAENSIOT ILIaHEThI 3eMHOM TI'DYIIIIEI
(Meprypuii, Beuepa, 3emus, Mapc) u mianersl-rurautsl (FOmurep, CarypH,
Ypau, Hernryn). Macchl mjaaHeT COAMIIKOM MaJibl, YTOOBI BHYTPU HUX MOTJIHI
OPOTEKATh XapaKTepHbIe IJIA 3BE3] sSlepHble peaKkIini. BOKPyr ILIaHeT, Kpo-
mMe Mepkypusa m BeHepbl, o0palaioTcsa COYTHUKM, KOTOPHIX M3BECTHO YiKe
6oanire 170.

ITo renmoneHTpUYECKUM OPOUTAM ABUIKYTCA KapJHUKOBBIE IIJIAHETHI, acTe-
pouanbl M MEeTeOpUTHBIE Tejla. KpoMe TOTO, MO CUJIBHO BBITAHYTBIM OpOUTaM
IBUKYTCA JIeAAHbIE TeJla — KOMEThI.
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IIlnameTrer u gpyrue teaa CoJaHEUHOH cu-
CTeMBbl IPU JIBUMXKEHUHN IIO0 OpOuTaM CTaJi-
KHUBAIOTCSI C METEOPHBIMHU TeJaMW, MeXK-
OJaHEeTHON IbLIBIO; B3aMMOAEHCTBYIOT C
BJEKTPOMATHUTHBIM muaaydenueMm CosHIla u
miaasmoii, ncxogamnieit ot CoaHIa.

2. OcobeHHOCTM cTpoeHnAa CoNMHEUHOW cuCTe-
mbl. XapaKTepHble uepThl cTpoerns CoJrHeu-
HOHM CHCTEeMBbI, M3BECTHBLIE II0 ACTPOHOMIU-
YeCKUM HaOJIOMeHUAM U KOCMHUUYECKUM IC-
CJIEIOBAHUAM, 3aKJIIOUYAIOTCA B CJAETYIOIIEM.

1. OcHoBHas macca BelrectBa Coameu-
HOM cucTeMbl cocpenorouena B CoirHIle, KO-
TOpOEe IIPeICTaBIAET CO00N PANOBYIO 3BE3-
ny. Ha maccy Bcex APYruxX COCTABJISIOIIMUX
cucteMbl nmpuxonuTca 1/750 yacTh mMacchl
Conanna (puc. 49). Takum obpasoMm, TOMU-
HupyomuM B COoJIHEUHON cHuCTeMe SABJSeT-
ca rpaBuTanoHHoe moJse CosHIA.

2. OpOuTsl IIaHeT 1 GOJBIIIMHCTBA acTe-
POMIOB JeKaT IMOYTU B OJHOM IIJIOCKOCTH,
He3HAUUTEJbHO HAKJIOHEHHON K IIJIOCKOCTH
COJIHEUHOTO 9KBaTopa. HaKJOH SKJIUNTHUKUA
K IIJIOCKOCTH COJTHEUHOTO 3KBATOPA COCTAaB-
ager 7°15°. Op6uTel mIaHeT IIOYTA KPYTro-
BbI€, T. €. UX DKCIEHTPUCUTETHI MaJO OT-
JIUYAIOTCA OT HYJI.

3. Bce mmameThl M acTepougbl obpaira-
1oTcsa BoKpyr CoJiHITA B OHOM U TOM Ke Ha-
npaBieHuu. Bpairenue CoJrHila BOKPYT CBO-

X nutep
1000

500
Mapc

3emns

BeHepa

Mepkypun

0

ConHue MIH KM

PucyHok 49 — CpaBHUTeNbHble
pa3mepbl ConHua n nnaHeT

el ocu IIPOUCXOIUT B Ty K€ CTOPOHY, UTO U IBMKeHUE ILIaHeT BoKpyr CosHIIA.
IlnaHeTsI BpalfatoTcsaA BOKPYT CBOMX OCeH B HAIIPABJICHUHU, COBIIAHAIOIIEM C Ha-
mmpaBJeHreM ux oopainenus: BoKpyr Cosaniia. MckiaoueHne cocTaBisaoT Benepa
1 YpaH, KOTOpbIe BPAIalOTCS B IPOTUBOIIOIOMKHYIO cTOpoHy. IIpmuém och Bpa-
IeHus Y paHa IIOUTH JIeKUT B ILIOCKOCTH OpOMTHI miameThl. Hakion ocu Bpa-
IIeHnA APYTUX IIaHeT He nmpesbiiniaeT 60° K IIIOCKOCTAM MX OPOUT.

4. Ilnamersl pasmeasaioTcsA Ha ABe PasjMyalol(uecs TPYNIIbI: IJaHeThI
3eMHOIi I'PYIIIIbl 1 IJAHETLI-TUraHThl. Il1aHeThl 3eMHON IPyINnbl — TBEPIbIE
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Tejla, CPABHUTENHLHO HEeOOJbIINE, MAJIOMACCUBHBIE, HO C OOJIBINION cpemHei
ILJIOTHOCTHIO, 0ojiee MeIJIeHHBLIM BpallleHueM M MAaJjbIM UYKCJIOM CIYTHUKOB
(unu 6e3 HuUx). OHH pacmoso:keHbl BOIu3u Cosuiia. IlaaHeThI-THTAHTBI —
MacCHUBHee IIJIaHeT 3eMHOM T'PYIIbI, OOJbBIINNE II0 pasMepaM UM C MeHLIIIei
cpenHel IJIOTHOCTBIO, OOJIBIIION CKOPOCTHIO BpAIlleHnA M MHOTOUNCIEHHBIMU
cuyTHUKaMu. IlmameTsl-rTuraunThl 00J1a0al0T MOITHBIMU aTMocdepamMu, COCTO-
AIUMYA B OCHOBHOM U3 BOJOPOJa U reus.

5. MoMeHT KoJnuecTBa ABMKeHUS (m - v - r) mexknay CoJHIIEM U TJIaHe-
TaMHU pacipenenseTcsa HepaBHoMepHo. Ha momto CosHIIa, B KOTOPOM COCPEIo-
ToueHa MmouTu BcsA Macca COJTHEUHOM CHUCTEMBbI, IPUXOAUTCA TOJBKO 2 % eé
IIOJIHOTO KOJIMYECTBa MBUKEHUA.

6. OpOuTHI GOJBINTMHCTBA CIIYTHUKOB IIJIaHET OJU3KKU K KPYroBBIM. [IBU-
JKeHre OOJILIIIMHCTBA CIIyTHUKOB IO OPOMTAM IIPOMCXOIUT B TOM JKe HaIlpas-
JIeHUM, B KaKOM IJIaHeTHI ABMKYTCA BOKPYr CoaHma. OpOUTHI KPYHHBIX
COYTHUKOB B OCHOBHOM MMEIOT MaJblil HAKJIOH K ILJIOCKOCTSAM 3KBAaTOPOB CBO-
UX IIJaHeT.

ITepeunciaenubie 0COOEHHOCTH HEOOXOAMMO YUMTHIBATH MPHU IIOCTPOCHUU
mozenu (Teopuu) GOPMUPOBAHUA BCeTo KoMILIeKkca Tel COJTHEeUHOH CHCTEeMEI.

3. NpouncxoxpeHne ConHeyHonm cuctembl. JIJid IOCTPOCHUSA TEOPUHU IIPOUC-
xoxgeHnss COMHEUHOH cHCTeMbl HeOOXOAUMMO 3HATH BO3PACT HeOEeCHBIX TeJ.
CoryiacHO COBPeMEHHBIM MIPEeACTABICHUAM, BO3PACT APEBHEHINNX TOPOJ 3eM-
Ju gocturaet 4,64 miapn jget. AHalus3 MOPOI, AOCTABJIEHHBIX ¢ JIYHBI, COOT-
BETCTBYeT Bo3pacTy oT 2 mo 4,5 mapa jer. BospacT Keje3HbIX 1 KAMEHHBIX
MeTeopuToB orenuBaercsa ot 0,5 1o 5 mupn jget. Bospact ConHila u Apyrux
OTHEeJbHBIX 3BE3]] OIpPEeAesIeTcsd Ha OCHOBE TEOPUU CTPOEHUS U IBOJIOIUU
3Béan. ma ComHIla 9TO IPUOIM3UTEIHLHO 5 MJPJ JIET, UTO COBHAZaeT C BO3-
pacToM Apyrux Tei cucteMsbl. IlocjiemHee mMO3BOJIAET 3aKIIOUNTh, uTO CoJIHIIE
U ILTaHeThI ¢hOPMUPOBAJINCH M3 €IUHOro 00JIaKa rasa 1 IbLIN.

Boepsrie uges o6 obpasoBanum CoJiHIIA U ILJIaHET U3 BelleCTBA €IMHOM
rasoBo¥ TymMaHHOCTH ObLia chopmyaupoBanHa M. Kaurtom B 1755 r. u mopa-
6orana II. Jlammmacom B 1796 r. CorsiacHo aToi#i rumotesde, ColHeuHasa CHUCTe-
Ma obOpasoBaJjach M3 BpaIlalollerocad ropAdero rasoBoro objaxka, KOTOpoe
COKMMAJIOCHh IIOJ BO3HeHCTBHEM I'PaBUTAIMM U PACIAfAOCh HA (PparMeHTHI
(puc. 50). OgHako sTa ruIoTe3a OKasajlaCh HeCOCTOATeJIbHOH M3-3a MHOMKE-
crBa mpotuBopeunii. xerimc :xwmuc B 1919 r. BRIZBUHYJ THUIIOTE3Y, CO-
TJIACHO KOTOPOIi IIJIaHEeTHOe BeIlecTBO OBLI0 «BhIpBaHOo» u3 CoJHIIA IOJ BO3-
IericTBreM OJM3KO IPOXOASAINell 3Be3abl. BLIpBAHHOE COJIHEUHOE BEIIeCTBO
pacmaJioch Ha OTHeJIbHBIE YACTH, 00pasys IJIaHeTHI.
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Hanable GU3UKO-XUMUYECKUX HCCJIEIOBA-
HUHA METEOPUTOB UM 3€MHBLIX MOPOJ IIOACKA-
3LIBAJIM, UTO 9THU TeJia 00pas3oBaJNCh He H3
ra3oBbIX CT'YCTKOB, a 13 TBEPAOTO BeII[ecTBAa.
B 1944 r. cucremaTuueckoi paspaboTKO# Teo-
puu o0pasoBaHUA IIJIAHET M3 TBEPIABIX YACTHIL
OKOJIOCOJIHEUHOI'0 AOIIJIAHEeTHOro ol0Jiaka 3a-
gHanca O. 0. Illmuar. O9ta Teopus pasBUBaeT-
cd W B HACTOSINEe BpeMd.

MoxXHO BBIJEJUTH CJAELYIOII[NEe OCHOBHBIE
STAIbl IIPOUCXOMKIACHNUSI M PaHHEN 3BOJIOINUN
CoJIHEeUYHOM CUCTEMEI.

1. Oxomo 4,6 Mapna JeT Hasal TPOUIOIIEIT
B3PBIB CBEPXHOBOII 3Be3AbI BOJIM3M MECTa POK-
neuans CoOMHEUHOM cCHCTEMBI. ¥apHas BOJHA
OT B3PhIBa PACIPOCTPAHMIACHE B KOCMHUYECKOM
npoctpaHcTBe. Ilom e€ melicTBUEM TIa3OIIbLiIe-
BOe 00JIaKO, COCTOJAIIlee M3 BOAOPOJA, TeJIid 1
OIPYIUX PasHBIX II0 COCTABY YaCTHUUEK, COJep-
JKAIMUX KaK MeTAJJIbl, TAK U PeJKNe M30TO-
OBl TAMKEIBIX XMUMUUYECKUX DJIEMEHTOB, HAa4YaJlo
crymiatbesa. B HEM o0pasoBaniuch YILJIOTHEHUS,
o0oraléHHbIe BeIleCTBOM CBEPXHOBOM 3BE3[IhI.
WM3mauanbHO MeIJIEHHO BPAIIaioleecs YIIJIOT-
HeHMe IIOJ AelcTBMEeM CHJ I'DaBUTAI[UM Ha-
YaJIo COKMMAThCA M IPEeBpaIfaThbCA B TUCKO-
oOpasHoOe rasolbljieBoe 00Jako. B mainbHe-
IIeM B IIeHTpe 9TOoro objiaka obpasyeTcs MoO-
gopoe Cosaie. O0pa3oBaBIIUNACSA BOKPYT HETrO
MIPOTOILJIAHETHBLIN IAUCK IIOTJIOINAET OOJIBIIYIO
YacTh MOMEHTA KOJIMUECTBA ABUKEHII.

2. ITocTenneHHO B IHCKe ra3oIIbLIeBOro 00JIa-
Ka MeJbuaiIlue MBIINHKYN CTAJIN O00heIuHATh-
cd, 3aXBAThIBasi radbl M3 OKPYIsKAIOIIEro IIPo-

PucyHok 50 — O6pa3soBaHue
ConHeYyHoOM cucTembl
no runotese O. 0. Wmunara

cTpaHCcTBa. V3 MeJKMX YaCcTHUEeK 00pa30BLIBAJINCH 00jee KPYHHbIe KOMKM, a
13 HuX (OPMUPOBATINCH 3aPOALIIIN OYAYIIINX ILJIaHEeT (pasMepaMu B HECKOJIbKO
KHMJIOMETPOB) — ILJIAHETEe3MMAJH, a Mo3JHee U caMU ILIaHeThl. Bo BHyTpeHHe
30HEe JIETKHE 3JIEMeHTHI (BOIOPO, TeINii) IO MeliCTBEeM CBETOBOTO MaBJIEHUS
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MMOKUJAJU IeHTPaJbHBIE 00JacTH AUCKA, yXonad Ha mepudepuio. Ilosromy
BOin3u CourHita miraHeTe3uManau (OPMHPOBAJINCH OJHOCTHIO M3 KAMEHUCTBIX
MUHEPAaJIOB ¥ COeIMHEeHUN MEeTAJJIOB U B KOHIle KOHIIOB IPEBPATUJINCEH B ILIa-
HeThl 3eMHOU TI'pyIIbl. YacTUUYKMU B CPeNHEN XOJOMHOU 30HE ITOKPHIBAJIUCH
JBIOM, Sapa OyIyIInuX IJIaHeT-TUTaHTOB OBICTPO POCIM, 3aXBaThIBAd OKPYsKa-
oI ra3. B camMoil X0JIOAHOM BHEITHEH YacT! AMCKa KOHAEHCHUPYIOIlee Bele-
CTBO HOUTHU BCE OBLIO JieAAHBIM. MHOMKECTBO OTJe/IbHbBIX JEAAHBIX ILJIaHeTe3M’-
MAaJUHA U TJIBI0 TOPOAUIN AAPa KOMET U JeAsdHble aCTepPOUIbI.

IInameTs! 3eMHOI I'PYIIILI IOYTH JOCTUTJIN CBOMX Pa3MepoB IPUMEPHO ue-
pes 100 muaH Jer.

3. Ilocnenyroiiee rpaBUTAIIMOHHOE CYKATHE IIOSHUMAJIO TEMIIEPATYPY B
HeJIpax OPOTOILIaHeT OO0 TeMIIepaTyphl IIaBjaeHusd xenesa. C 3Toro BpeMeHU
TSAKEJIbIe KOMIOOHEHTHI CTAJU OTAENATHCA U CTPEMUTHhCA K IIEHTPY IJIAHEeT,
a HauboJjee JIETKUE BeIlleCTBAa — IIOAHUMATHCA K IIOBEPXHOCTH. B TeueHme
MUJIINAPAOB JET IIJIO0 o0pasoBaHMe KOPHI — HAPYKHOIO CJIOS ILJIAHET 3eM-
HOI rpynnsl. PasorpeBanmue 3eMJiin, HalpuMep, COIIPOBOYKIAJIOCH BhIIEJIEHU-
eM Tra3oB U BOASHLIX ITapoB. IlocTemeHHO BOAAHBIE ITapbl KOHAEHCUPOBAINCH
1 00pa3soBBIBATIM MODPS U OKeaHBI, a ra3kl — arMocdepy. Ilo cocraBy mepBuy-
Hasa aTMoc(epa CyIIecTBEHHO OTJIMYAJIach OT COBPEMEHHOIA.

COyTHUKM IJIAHeT, ABMIKYIMeCSd B HaIpaBJIeHUMN BPAIlleHUA ILJIaHET, 00-
pasoBaiuch B pe3yJbTaTe TeX ’Ke IIPOIeCCOB, UTO U caMH IaHeThl. CIyTHH-
KM, obJiagalolie oOpaTHLEIM ABUKEHMEeM, ObLIN 3aXBaUueHbI IJIAHETOM.

T'1aBHBIE BBIBOIBI

1. CosHeuHas cucTeMa — 35TO MATEPUSI M BCE KOCMHUYECKOE IIPO-
CTPaHCTBO, HaxoxAmieecda B chepe npurda:xeaus ComHia.

2. Conueunas cucreMa cocTouT m3 CoaHIla, OOJIBIINX M KapJIUKO-
BBIX IIJIAHET M MX COYTHUKOB, MAJILIX TeJ, MEKIJIAHETHON IILIIM, ILJIA3-
MbI, (PUBUUECKUX IIOJIEH.

3. I'maBubBIe ocobeHHOCTH COJIHEUHOU CHCTEMEI COCTOAT B TOM, UTO
eé ocHOBHaA Macca cocpemoroueHa B CoisHile, opOUTHI IIJIaHET U 6OJIb-
IIIXHCTBA aCTePOUAOB JI€KAT MOUTHU B OJHOU IJIOCKOCTH, 00paIaloTca B
TOM JKe HampasjaeHuu, uyro u CoaHIle.

4. Cpegu mnaner CoJIHEUHOI CHCTEMBI Pa3JIMUYAIOT IIJIAHEThI 3€MHOM
rPYIOBI ¥ ILJIAHETHI-TUTAHTEI.

5. CorHeuHas cucTeMa 00pasoBaJIach B IPOIlECCe SBOJIIOIIMM BpAallja-
IOIIETO0Cs Ta30IIbIJIeBOTO O0JIaKa.
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@ KoHTponbHble BONpocbl U 3agaHunsA

1. Y10 noHumatot nog ConHeYyHON cucTeMon?

2. Y10 Ha3biBaloT nnaHeTton? Kakne nnaHeTbl BXogAT B coctaB COIHEYHOW CUCTEMBI?
3. YKaXunte oCHOBHble 0COH6eHHOCTU cTpoeHUst CONTHEYHON CUCTEMDI.

4, Kakol BO3pacT ApeBHeNWNX nopos 3emnu; MMHEPasnoB, AOCTaBNEHHbIX C JlyHbl; Me-
TEOPWTOB, YNaBLWKX Ha 3emnio?

5. B yém coctout cyTb runote3 W. KaHTa, . Jlannaca, k. OxuHca, O. X . K mugTa o
npoucxoxkaeHun ConHua n nnaHet?

6. YKaXKmTe OCHOBHbIE 3Tarnbl MPOUCXOXKAEHNA 1 paHHel 3Bontouun CONHEYHOW CUCTEMBI.

§ 13. MnaHeTbl 3eMHON rpynnbl

1. Mepkypwmii. Mepkypuit — camada 6auskaa kK ConHiy mimaHera (puc. 51).
OHa MOCTOSIHHO «IIPSAYETCA» B COMHEUHBIX JIy4aX, X II03TOMY €€ TPYIHO yBH-
IeTh 3¢eMHOMY HAOJIOJATEJO.

Y Meprypud HeT aTMocdephl, M ero MMOBEPXHOCTDH He 3aIluIlleHa OT Iajd-
OIMX COJTHEUYHBIX JyUdel MHEM U KOCMHUYECKOIrOo X0JioJa HOoubk. [IHEM Ha IIO-
BEPXHOCTH IJIaHETHI TeMIlepaTrypa momguuMaercsa mgo +430 °C, a HOubIO Omy-
ckaetrca go —170 °C. Ilepeman TemMmepaTyp HPOUCXOTUT MEAJIEHHO, IIOTOMY
YTO COJTHEUHEIE CYTKU (ITPOMEKYTOK MeKIYy OBYMS IIOCJIeT0BATEIbLHBIMU IT0-
aygaamu) Ha MepKkypuu paBHbl 176 3eMHBIM.

Bca xameHHcCTas MOBEPXHOCTh MepKypus MOKPBITA MHOT'OUNCJIEHHBIMU
KpaTepaMu. BOJBIITMHCTBO M3 HUX 00pPasoBaJioCh B pe3yJjbTaTe IIaJeHUs Me-
TeopuToB. Kparepsl Ha Kaprax MepKypusa
Ha3BaHbI B UECThb BBIJAIOIIUXCS IIPeICTa-
BUTeJIell MUPOBOM KyJIbTYpPHI: BerxoBeH,
T'omep, HocroeBckuii, Ilymkuna, Tosacroit
u Jp.

Yron HakjgoHa ocu BpamieHus Mep-
Kypusa MepIneHAUKYJIApeH ero opoure,
IIO3TOMY OHO OKOJIOMOJAPHBIX KPAaTEpPOB
HUKorza He oceirtaerca CoaHieM. 9TH
00JIaCTH CJOYKAT XPAaHUJIUIIAMU BOASIHO-
ro JbJa, IIepeMeIlaHHoT0 ¢ TOpHO# IIo-

ponoii. PucyHok 51 — MepKypuii



Pasgen IV. CpaBHuTeNbHasA nnaHeTonorus

PucyHok 52 — KpyTble ycTynbl
Ha noBepxHocTn MepKypus

T'oprr, BcTpeuarwmuecss Ha MepKypuu,
JOCTUTAIOT BBICOTHI Bcero 2—4 kM. Ha mia-
HeTe 00HApPY:KeHbI YCTYIIBI BBICOTO# 2—3 KM,
TAHYIHUECSI Ha COTHU KMJIOoMeTpoB (puc. 52).
BeposaTHo, oHu moABUINCH ITpU (HOPMUPOBA-
HUU IIJIaHEeTHl M3-3a HePaBHOMEPHOI'O CiKa-
THUA B XO€e OXJIaKIeHU.

Bo6susu mosepxHocTu Meprypus obHa-
PY’KeHBbI aTOMBI TeJIuA U BOAOPOZa, a TaKiKe
aproHa u HaTpusd. X HUCTOUYHUKAMU SBJIA-
IOTCSI COJTHEUHBIM BETEP U BEIeCTBO IIJIaHe-
THI, IOABEP:KEHHOE HaTrpPeBaHUIO U 00Jyue-
Huio CoiHIia.

MarauTHoe moJie IJaHEeThHl OUYeHb MAaJjo, ero Hamps:keéHHocTh B 300 pas

MEHBbIIIEe 3€MHOTIO.

ITapamerpbsl MepKypus cMmoTpuTre B Tabauie 2.

Taoauma 2 — Ilapamerpsl Mepkypus

3BEé3MHAA BeJIMUYUHA

-2,2 HuameTp 1o 3KBaTOPY 4880 k™M
(MakcuMaIbHAT)
Cpenmee paccrosmme | 97,9 MiH KM | Macca (3emusa = 1) 0,055
mo Comnna 0,387 a. e. CpenHss IIOTHOCTD 5,4 - 10® xr/m®
ITepuon obpaireHus 88 3eMHBIX Cujia IpUTSyKeHnsA 0.38
Bokpyr CouHIla CYTOK Ha sKBaTope (3emsa = 1) ’
Ilepuon Bpamenusa 58,6 3eMHBIX Temneparypa Or —-170
BOKDPYT OCHU CYTOK TMOBEPXHOCTH no +430 °C

MaHTuna

Kopa
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2. Benepa. Benepa — BTopaa ot Comuma miaanera COJTHEUHOIN CHCTEMBI
(puc. 53). OHa mMOUTH TAaKOTro Ke pasMepa, Kak 1 3eMJid, a eé Macca COCTaB-
JasieT oxoJyio 80 % semuol mMacchl. Ha HeOe eé MO:KHO HaOJIIOZATh YTPOM WU
BeuepoM B BHIe OUeHb APKOro cBermJa. I'ycrasa aTtmocdepa BeHepsnl m0Jro
CKpbIBaJIa TAWHBI €€ IIOBEPXHOCTU. YUEHBIE eIllé B cepeanue XX B. AyMajwu,
YTO IIJIaHETA MOKPBITA TPOMMYECKUMU JiecaMu. Ho JocTHUTIIE e€é COBETCKUE
KocMHuuecKkue ammapaThbl «Bemepa» cdoTorpadupoBanu 6e3:KM3HEHHYIO pac-
KaJIEHHYI0 NycThIHIO. TemmepaTrypa moBepxuocTu gocturaet 470 °C u mouTtu
He U3MeHseTcsd B TeueHue cyToK (cMm. Tabu. 3 Ha c. 83). 'ycThie ob6aka mpo-
MMyCKAIOT MaJO COJHEUHOIO CBeTAa M CO3JAaI0T «CYMEPEUYHYI0» OCBEIIEéHHOCTH
Iaske Torma, korma CosHITe HAaXOOUTCS BBLICOKO HaJl TOPU3OHTOM.

Boénbiiyio uacTh moBepXHOCTH BeHephbl 3aHMMAalOT paBHUHBEI. CaMble BBI-
COKHMe I'opbl IOgHUMAIOTCST Ha 11 KM HaJ cpeJHUM YPOBHEM HOBEPXHOCTH —
T'oper MaxcBenna. ObHapyskeHbl Ha BeHepe KpaTephl AUAMETPOM OO COTEH
KujgoMmeTpoB (puc. 54). KpymHble KpaTepbl HAa3BAaHbI B YeCTh BBIJAIOIIUX-
cd KeHmuH Mmupa (AxmaroBa, Boiinnu, [[yaxkam, OpsoBa) ujau OPOCTO KeH-
ckuMu nMmeHamu (AHToHUHA, Bamentuna, 3oa, Upuwa, Hana, Ona u ap.).
OOGmIupHBIEe BO3BBIMIEHHOCTHU-MAaTePUKU HOCAT mMeHa: 3eMJada AdpoauTsi,
Semua Hinrap, Semuas Jlager u ap.

Oxomno 500 mau Jjer Hasang Ha Bexepe mpowusormina rioOalbHas T'e0Jio-
ruueckas xaractpoda. CoTHM ThICAY AeHCTBYIOIMIUX BYJKAHOB M3BEpPTJIH
OTPOMHOE KOJUYECTBO JIaBbl, KOTOPasd MOKPHLIA BCIO ITIOBEPXHOCTH IJIAHETHI.

PucyHok 53 — BeHepa. PucyHok 54 — BeHepa. PanoH lop
®OTOCHUMOK BbINOJIHEH Makcsenna: orpomHbIn Kpatep
B YNbTPadnoNeToBbIX Jiyyax AnameTtpom okosno 100 kKm
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PucyHoK 56 — 3acTbiBluvie ny3bipu
BYJIKaHMYecKol nasbl Ha BeHepe.
PucyHok 55 — lopa Maat — PagronokaunoHHoe nsobpakeHune, nepegaHHoe
noTyxXwWuin BynKaH Ha BeHepe KocMmunyeckum annapatom «Marennan» B 1991 r.

CaMbIil BRICOKUIT MOTYXINUI ByJKaH (puc. 55) — ropa Maar, HasBaHHaA Tak
B YECTb €THUIIeTCKOM OOrMHM MCTHHBI M HOPAKA, — B3AbLIMAETCA HAX OKPY-
JKaloIeil eé paBHMHOM mouTu Ha 8 KM. OTAesbHBIE BYJIKAHBI JOCTUTAIOT BBI-
coThl 3 KM mIpu mupuHe y mogHokuA 500 kM. MHOroYnCIeHHbIE 3aCTBIBIIINAE
Oy3LIPU JIaBbl UMEIOT KymoJsioo0pasuyio dopmy (puc. 56).

s mcenemoBanusa peabeda ILJIaHEThI ObLI MCIIOJIHL30BAH METO PaguoI0Ka-
nuu. ABToMaTHndecKkasa MesKILIaHeTHad craunud «Marewmad» ¢ 1990 mo 1994 r.
mpoBesa IIoOANBHYIO PagMOJOKAINIo ImoBepxHocTu BeHepnl. Ha ocHoBe mo-
JIYUYEHHBIX JAHHBIX OBLIM COCTABJIEHBI pe-
Jbed)HbIe KapThl U IIOABUJIACH BO3MOMK-
HOCTh BOCCO3JATHb JETAJH IIOBEPXHOCTHU B
00BbEMHOM M300pakenun (puc. 57).

Armochepa BeHepbl COCTOUT B OCHOB-
HOM M3 yrJIeKucJoro rasa. [laBiaeHue y 1mo-
BEPXHOCTHU MJIaHeThI B 95 pas BuIlIe, ueM
y moBepxHOCTH 3eMJu. Biarogaps Takomy
XUMHUUYECKOMY COCTaBY, a TaKKe 0OJBIIIONH
mIoTHOCTH aTMoc(epa BeHepnl mpeacTan-
JseT coboll OTPOMHBIN «HmapHUK». Ilap-
HUKOBLIHN 3hGeKT 1 00yCIOBIUBAET BBICO-
KYIO TeMIIEPATYPy IIOBEPXHOCTHU.

Ob6saxa BeHepbl MMEIOT CJIOUCTYIO
CcTPYKTYypy. OHEM pacmojaraioTcs Ha BBI-

PucyHok 57 — PenbedHan KapTa
noBepxHOCTM BeHepbl, cocTaBnenHas  COTe OT 48 10 70 xM 1 conepKaT Karesb-
No AaHHbIM PafVONOKaLMOHHbIX KU cepHO# KucuaoTbl. CKOpoCTh BeTpa y
nccneaoBaHNii KOCMUYECKOTO IIOBEPXHOCTU COCTaBJISAET OKoJo 1 M/c.
annapata «Marennan» B armoc(epe HAGIIOJAIOTCS MOJIHUU.
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MaruuTtHoe moje BeHephbl oueHb Majio MO IPUYKMHE MEIJIEHHOTO Bpallle-
HUA ILUIAHETHI BOKPYT OCH C BOCTOKA Ha 3amaz. Ero HanpswxénHocTb B 10* pas
MeHbIlle 3eMHoOro. Maruurocdepa IIOUTH IMOJHOCTHIO OTCYTCTBYET, IIOITOMY
MMOTOK 3apsi?KeHHBIX YacTull, uayinuii or CosHIa, CTAJIKHUBaeTCsa ¢ aTMocde-
poIi IJIaHeThl M YBJIEKAEeT 3a COO0M e€ BeIlecTBO, (popMUPYsS MOHHBIN HLIeid.
Kocmuueckasa obecepsaropusa SOHO ompenennia, 4ToO 3TOT «XBOCT» PACTATHU-
BaeTcd Ha 45 MJIH KM, T. €. JOCTUraeT 3eMJIU.

ITapamerpsl Benepsl cmoTpuTe B Tabauie 3.

Ta6auna 3 — Ilapamerpsl Benepsl

3Bé3gHaA BeJIUUYMHA
A -4,7 Juamerp 1Mo sxBaTopy 12 104 ¥m
(MaKkcuMaIbHAN)
Cpenmee paccTosHIE 108,2 MmiH KM Macca (3emasa = 1) 0,815
no Cosnnna 0,723 a. e. Cpenuasi MJIOTHOCTD 5,2 - 10® xr/m®
ITepuon obpaleHns 224,7 3eMHBIX Cuia IpUTSKe s 0.9
Bokpyr CoxHIta CYTOK Ha dKBartope (3emua = 1) ’
ITepuon Bpamenus B reuenue ToMHIeDATVDA
BOKpPYT ocU 243 3eMHBIX paTyp 470 °C
IIOBEPXHOCTU
(oO6paTHOe BpaleHue) CYTOK
MaHTna Kopa
Anpo
3. 3emnA. 3eMasa — TPeTba mo cuérTy miaamera ColHeUHOU cucTeMbI. U3

KocMoca Hallla IIJIaHeTa BBITVIAAUT KPAacUBBIM TroayOwnIM I1rapom (pumc. 58).
CKBO3b 00JIaUHBIH IIOKPOB MOYKHO PAacCMOTPETh MAaTEPUKU U OKeaHHI.

HeTasy MOBEPXHOCTH 3eMJIM UM YCJOBUS JKM3HU XOPOIIIO BAaM WH3BECTHHI,
IO3TOMY MbI OCTAHOBUMCS 0oJiee IMOAPOOHO HA cTpoeHUU Henap. Moaean BHY-
TPEHHEro CTPOeHUS 3eMJU W OCTAJbHBIX IIJIAHET 3eMHOU I'PYIIIbl IPUMEPHO
CXOMKHU.

ITo samucsam KoJiebaHuii 3eMHOII IIOBEPXHOCTU IPU 3€MJIETPSACEHUAX —
ceiicMorpaMMaM — OBIJIO YCTAHOBJEHO, UTO BHYTPeHHee CTpoeHUHe IIjaa-
HEeTHl 10 BEPTUKAJU cjJouctToe. Ilo XMMHUUECKOMY COCTaBY M (PU3UMUECKUM
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XapaKTepPUCTHUKAM BbIIEJIAIOT TPU OCHOBHEBIE che-
puuecKkue o0OJIOUKHU: TBEpPAaA Kopa, MaHTUA U
saapo. CaMbIl TOHKIII BHEIITHUH CJIOM — TBEpAAs
Kopa. ¥ 3eMJii OHA IIPOCTUPAETCS B CPeIHEM Ha
rayouny 35 KM (okeanmueckasa kopa — 10 Km,
KOHTHHeHTaJabHasas Kopa — 70 km). Ilo xu-
MHYEeCKOMY COCTaBYy 3eMHas KOpa COCTOUT U3
kucaopozna (46,6 %), kpemuus (27,7 %), amxio-
vunusd (8,1 %), xemesa (5 %), kanbius (3,6 %)
U APYTUX XUMUUYECKUX djieMeHToB. O0Ias mac-
ca 3eMHOI1I KOphI cocrasiser Bcero 0,8 % obreit
Maccel 3emun. Kopa oTaenseTcsa OT ciaemyiolei
3a HeWl MAHTUHU OTYETIMBOIN I'PaHUIIEH.

Aapo — mawmbojee IMJIOTHAS YacTh ILIAHETHBHIX Heap. B meHTpe 3emuu
IJIOTHOCTH BeljectBa mocruraer 13 500 kr/mM°, a TemMmepaTypa OLEHUBAETCS
B 6000 K. Paguyc sapa cocrasiuser 55 % paguyca 3emJn, a Macca — OKOJO
30 % mMacchl ILIaHeThl. 3eMHOe AIpOo MoApasaesaeTcsa Ha BHEITHee U TBEPIoe
BHyTpeHHee paguycoMm 1270 xm. Ilepexomuas 3oHa Me:KAy BHEIIHEN U BHY-
TpeHHel YacTAMU SApa OUeHb TOHKadA — OKOJO D KM. ¥ BeHepnl aHaorny-
Hoe anpo. Haubosiee MOIITHBIM ssApoM obJsagaeT MepKypuii, pagnyc KOTOPOTO
cocraBiasgeT 70 % pammyca miaaHersl, a macca — 60 % macchbl Bcell ILIaHETHI.
Y Mapca He6oJIbIIIoe AAP0 Maccoi Bcero 7 % oT Bcell MaccChl ILJIAHEThI, 4 ero
panuyc cocraBiaser 28 % pammyca Mapca. fapa miameT B OCHOBHOM COCTOST
U3 JKeJje3a C IPUMeChI0 cepHHCTOTo Kejaeda. JKuaKmit BHeNTHUN cJoi saapa,
BEPOATHO, ecThb y Mepkypusa u BeHepsl.

HcrounnkamMu HarpeBa Heap ILJIaHET CJIYKAT:

1) BBIZleJIeHME TeIljia IPU paciiaje PafuOaKTUBHBIX 9JIEMEHTOB;

2) sHeprusd, BbIAEJSAIONIAACA MIPU yAapax TeJ pasanuHOTo pasmepa (acre-
poumOB 1 ApP.) O IIOBEPXHOCTD IIJIAHETHI;

3) HarpeBaHUe 3a CUET CIKATUS BeIleCTBA IJIAHETHI W TI'PABUTAIIMOHHOM
an(pepeHIInaum.

I'paButanuonHaa guddgepeHnuanmus IpeacTaBiaseT co00il mpoIece mocTe-
IeHHOTO ImepepacupeneeHns BellecTBa M0 MJIOTHOCTH — TKEJble 3JIeMeHTHI
CTpeMATCA K IIEHTPY, a JIETKUEe dJIeMeHThl TOAHUMAIOTCSA K ITOBEPXHOCTH. OTOT
mporecc y 3eMJIn ellé He 3aBepuicsa. [[BUKeHUs BelllecTBa BHYTPHU ILTaHe-
TBI BIUAIOT Ha KOPY, BBI3bIBAA 3€MJIETPSICEHUS, ITOPO0Opa3oBaHUsA, TEeKTOHM-
YyecKHe U BYJKaHUYECKUe IIPOIIeCCHI.

MaruuTtHoe mosie 3eMJIN TeHEePUPYETCS B JKUAKOM METAJLIMUYECKOM CJI0e Sapa.

PucyHok 58 — QoTorpadus
3emnn N3 KocMmoca
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3emHasa aTMocdepa COCTOUT B OCHOBHOM M3 a30Ta M KHUCJIO0POa.
ITapameTrpsl 3eMJi CMOTPUTE B Tabiuiie 4.

Tao6maunma 4 — IlapameTpsr Seman
VYros HaKJIOHA BKBaTOpa nameT
P 23,4° A P 12 756 kM
K IIJIOCKOCTH Op6I/ITBI II0 3KBATODPy
CpenHee paccTogHHE 149,6 MaH KM Macca 5,97 - 1024 kr

23,93 u

BOKDYT OCHu

go CosHna 1 a.e. CpenHsas MJIOTHOCTD 5,5+ 103 RI‘/M3
ITepuon obparieHus 365,26 3em-

Bokpyr CouHnla HBIX CYTOK Temmeparypa Ot —83
Ilepuon Bpamienus OBEPXHOCTHU mo +52 °C

MaHTtua

BHyTpeHHee
Aapo

Kopa

BHewHee
A0po

4. Mapc. Mapc — ueTBépTrad Imo cuéry miaaHera COJIHEUHOM CHCTEMBI II0
otuomrenuio K Coaumy (puc. 59). IIna mabiromaTesnsa oHA HPEIACTAET B BUIE

SPKOTO KpacHoro cBeruja. C IOMOIIBIO JIO-
OMTEeTbCKUX TEJIECKOIIOB MOYKHO YBUIETH IIO-
JspHBbIe manku Mapca m HEKOTOpble KPYII-
HbBIe JleTaJId eT0 TTOBEePXHOCTH.

IlonyuyeHHBIEe ¢ TOMOINBI0O KOCMUUYECKUX
anmapaToB M300pasKeHus ImoBepxHocTu Map-
ca IOKasaju, UTO IIJaHeTa IPEJCTaBJISIET CO-
001 6e3;KU3HEHHYI0 NMYCTBIHIO, 3HAUUTEID-
Has 4YacTh KOTOPOH IMOKPHITA KPaCHOBATHIM
IMeCKOM M ycedHa KaMHAMM. KpacHBIH IIBeT
nmoBepxHocTu Mapca o0BACHAETCA BBHICO-
KHM coJep:KaHueM B IIOYBE OKCHUAOB ’Kejiesa
(cm. puc. 59).

PucyHok 59 — Mapc
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Ha mosepxmoctu Mapca armocdepa
OUeHb pa3peskeHa, MO3TOMY CYIIeCTBYIOT
0oJIbIlIIE CYTOUYHBIE KOJieOaHUsS TeMIepa-
TYpBI: €CJaW THEM Ha dKBaTOpe TeMIIepaTy-
pa mogHuMaeTca jetom mo +15 °C, To Ho-
YbI0 OHAa omyckaetrca mo —65 °C. S3umoit ma
moBepxHocT Mapca HabGJIODAIOTCSI CHEr U
uHein (puc. 60), HO Bojga B JKUIKOM COCTO-
AHWUM TaM CYIIecTBOBaTh He Mo:KeT. llaB-
JleHHe y IOBepXHoCTu IjaaHeThl B 100—
170 pas meHsbIlie, uemM Ha 3emJe. B yciaoBu-
AX HUSKOTO aTMOoc(epHOro AaBJIeHUA BOJa
3aKkunaetr npu temmeparype +2 °C u cpagy
JKe McIapAaeTcH.

Ha Mapce oueHb MHOTO yAapHBIX Kpa-
TepoB OOJIBIIIOTO pasMepa. JTO CBUAETEJILCTBYET O TOM, UTO ILJTaHeTa mepe-
JKMJIa MHOKECTBO KaTacTpod), KOTOpble U3MEHUJU YCJIOBUA €€ MOBEPXHOCTH.
Kparepsr Ha Mapce HasBaHBI B YeCTb YUYEHBIX, MOCBATUBIINX CBOIO IEATEIH-
HOCTb m3yueHuio Mapca u miaamer CoJHeUHOII cucTeMbl (HAIIpuMep, KpaTep
Tuxos).

IToBepxHOoCcTs Mapca xapakTepusyeTcd YETKO BhIPasKeHHON acMMeTpUei.
IO:xHOe ropucTOe moaymiapue B cpeiHeM Ha 5 KM Biimme CeBepHOTO.
Ha cEmMKax mMapcmaHCKO# ITOBEPXHOCTHM XOPOIINO BUIHBLI MHOTOUYMCJIEHHBIE
KpYHHBIEe U MeJKVe KaHboHbI. X mmpuHa gocturaer 600 xm, riyomHa —
5 xMm. Camblil Goubiioit KaHbOH — IoauHa
Mapunepa — Ttamerca moutu Ha 5000 KM
(Ha puc. 59 oH BUJeH KaK TEMHAS CTPYKTY-
pa, IepeceKaroIas IVCK IJIAHETHI).

ITopaskatoT cBomMH MaciiTabaMu MOTYX-
mue ByJakaHbl Mapca. CaMbIii BBICOKUI —
ropa Omumn (puc. 61) — nmomHUMaeTcs
HaJ MOBEPXHOCTHIO Ha 27 KM. [lmameTp ero
ocuoBaHusa gocturaer 600 km. BospacT gan-
HBIX CTPYKTYP — oOKoJo 400 MiH JeT.

3HaMeHUTHIe HOJISAPHBIEe Imanku Mapca
00pa3oBaHbI TOJICTBIMU, IIOPAAKA 3 KM, CJIO-
PucyHok 61 — lopa Onumn AMMU JIbJA, CMEIIIaHHOTO C IbLIbI0. BepxHuii

Ha Mapce CJION TIOJIAPHBIX IIATIOK COCTOUT M3 «CYXOTO

PucyHok 60 — CHer
Ha noBepxHocTn Mapca.
Qotorpadus capenaHa cnyckaembim
annapaTtom «BMKnHr-2»
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Jbga» (3aMEpsIiero yrjeKHuCJOro rasa —
CO,) ¢ HebGOJBIION TPUMeChio OOBIUYHOTO JIbIa
(H,0). Temneparypa 37ech OIyCKaeTCs HUMKE
—110 °C. Korma Ha ogHOM M3 IOJYIIapUiA HAa-
YMHaeTCA 31MMa, COOTBETCTBYIONIAS MOJAPHAL
IIanKa HauMHAeT PacTH M JOCTHUTaeT H7° IIm-
potel B CeBepHOM moayiiapuu u 45° — B FOx-
HOoM. C IPUXOJOM BECHBI IIAIIKK HAUNHAIOT
TadaTb. OceHbio, Korga (GopMUPYIOTCA MHOJIAP-
HbIe INAIKN, MOXKXHO HAOJ/I0AATh rojiydoBaTO-
Oesibie o0saka B aTmMocdepe ILJIaHeTHI.

3aragounbie MapCHUAHCKNE NOJHHBI, IOXOXKIE Ha BBLICOXIIIHNE pycJjia PeK
(puc. 62), ObLIN CO3MAHLI BOAHLIMHU IIOTOKAMM, KOTOPBIE MCCAKJIN 00Jiee MILI-
aunappa jget Hasan. O0 obuauu Bogkl Ha Mapce B JaBHME BpeMeHa CBUIETEJb-
cTBYIOT MHOTHe (pakTbl. B 1999 r. Oblmu onmy0JIMKOBAHBLI MCCJIEIOBAHUS, TO-
KasbIBamlIue, uTo Ha Mapce paHbIIle CYIIIeCTBOBAN OKeaH BOALI. JTO YAAJIOCh
YCTAHOBUTEL C IIOMOIIBIO (POTOCHMMKOB (IIepefaHHBIX Ha 3eMJI0 CTaHIiuei
«Mapc TI'mob6anm Cypseiiep») mo ocobGeHHOCTSIM pesbeda, IIPecTaBISTIOIIUM
IpeBHIOI Oeperosyio JuHMIO. OKean MOI' CYIIIeCTBOBATh, IIOKA TeMIepaTypa
noBepxHocTu Mapca Obliaa gocTaTouHO BbIcOKa. IlnaHera Hauama oxXJaasKIaTh-
csd OKOJI0O MUJLIMAPAA JieT Hasazh. ToHKasa armocdepa Mapca He IPeIsiTCTBO-
BaJla «yJETYYMBAHUIO» BOALI B MEXKIIJIaHETHOe HpocTpaHcTBOo. IIpu moHU-
JKeHUM TeMIepaTyphbl 3aMEpsIiias BoJa BIEPEMEIIKY ¢ IIeCKOM obOpasoBaja
MIOATIOBEPXHOCTHYIO JIeAAHYI0 000/I0uKy — Kpmuoccepy. Kpuochepa Mapca
COIEPKUT KOJINUYECTBO BOJbI, DKBHUBAJIEHTHOE CJIOI0 TOJIIIMHOM OKOJO 1 KM
IO BCeH IIJIaHeTe.

Atmocdepa Mapca nMeeT HU3KYIO IIJIOTHOCTh M COCTOUT B OCHOBHOM U3
yriiekucJoro rasa. CKopocTh BeTpa y IMOBEPXHOCTH ILIAHETHI He IPEBBIIIAEeT
15 m/c. Mapc — eguHCTBeHHAas ILJIAaHeTa, I'/le HabJI0Jal0TCsa IJ100aJbHbIe bI-
JeBble Oypu. OHM CO3MAIOT AaHTUHAPHUKOBBIN d3(PeKT, TaKk Kaxk obJgaKa IIbI-
JIY He IIPOMIYCKAIOT COJHEUHOe M3JyUueHle K MoBepxHocTH. IlosToMy mmoBepXx-
HOCTBL CHUJIBHO OXJIAXKIAETCs, a ILLIb U OKPYsKarollasa arMmocdepa, HAIIPOTUB,
pasorpesaiorcsa. B atmochepe Mapca HabaogaoTea mecuaHble BUXPU, 3aKPy-
YUBAIOI[MEe CTOJIOBI HBIJIYM BBICOTOM 0 8 KM. HacTHUKH 00JIAKOB COCTOAT U3
CUIMKATHBIX U JIEAAHBIX NBLINHOK. IIblnp Ha Mapce MOZHMMAETCA TAK BhI-
COKO B aTMocdepy, UTO Jake 3aKkphiBaeT ropy OJmmi.

Mapc obsazaeT cjaabbIM MArHUTHBIM II0JeM HanpskéHHocThio B 500 pas
MeHbIIIe 3eMHOTO.

PucyHoK 62 — Bbicoxwme pycna
MapCcuaHCKNX pek
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ITapamerpsr Mapca cmoTpuTte B Tabauiie 5.

Taoaunma 5 — Ilapamerpsr Mapca

?;:iii?;ﬁ:g::;l Ha -2,0 JuameTp o dKBATOPY 6794 x™m
CpernHee paccTosHUeE 228,0 MJIH KM Macca (3emaa = 1) 0,107

no CornHila 1,524 a. e. CpenHAs ILIOTHOCTD 3,9 - 102 kr/m3
Ilepuop obpamierusa 1,88 semuOTrO Cuia mpuTsaKeHUA 0,38
Bokpyr ComuIa roja Ha skBaTope (Semisa = 1)

Ilepuon BpaleHusa 94,62 4 TemmepaTypa Or -130
BOKPYT OocU TTOBEPXHOCTH mo +15 °C

MaHTunAa Kopa

flapo lNoBepxHOCTb

@ T'maBHbIE BBIBO/IbI

1. IInaHeTHI 3eMHOII IPYIObl CPABHUTEIHHO MaJbl (MX 00Ilad Mac-
ca He mpessbimmaetr 0,5 % wmaccwl Bcex miaHeT COMHEUHOW CHCTEMBI) U
IPEACTABISIOT CO00M TBEPABIE TeJIa C BHICOKOU CpemHeil IIJIOTHOCTHIO.

2. Bce miaaHeThl 3€eMHOII IPYIIIBI 00JaJal0T CXOIHBIM CTPOCHHEM U
COCTOAT U3 AApa, MAHTUU, TBEPION KOPHI.

3. II1s1 MOBEPXHOCTEN ILJIAHET 3€MHOII IPYINBI XapaKTepPHBI KpaTe-
pPBI, TOPHI, BYJIKAHBI.

4. IIlnaneTsl 3eMHO#I rpynnbl (KpoMme MepKypusa) MMeEIOT BHEIIIHIE
obosourku: armocdepy (Benepa, Semiss, Mapc), rugpocdepy u 6muocde-
py (Bemius), kpuochepy (Mapc).

KOHTPOﬂbeIe BOMpPOCbl N 3afaHNA

1. V13 Kakmx 060110YeK COCTOAT MiaHeTbI?
2. MNepeuncnmTe NCTOYHMKIN HarpeBa Help MnaHeT.
3. Yto Ha3bIBaloT rpaBuUTaLMoHHON aguddepeHymaumen?
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4. /I3 KaKMX OCHOBHbIX XMMMWUYECKWUX 3/1€MEHTOB COCTOUT MOBEPXHOCTb: 3emnu;
Mepkypus; Mapca?

5. OnunwmnTe NOBEPXHOCTM NSIAHET 3EMHOW rPYMMbl.

6. KakoBbl 0cO6eHHOCTU aTMOCdhep MnaHeT 3eMHON rpynnbi?

§ 14. NMnaHeTbI-r1MraHTbI

1. Onutep. FOiutep — camasa GoJbItasg u3 maIaHeT-ruraunTos (puc. 63). Ero
Macca HaMHOTO IIPeBLIIIIaeT MacCy BceX APYTrux ILIaHeT, BMecTe B3AThIX. FOmu-
Tep IpeacTaBiaAeT co0oii raszoobpas3Hoe TeJ0 C UPEe3BLIYAHO MOIITHOM aTMO-
cepoil, cocTosAIel IJIaBHBIM 00pasoM M3 BOAOPOAA U T'eJINA, YTO XapaKTepPHO
U OJIA APYTUX IIaHeT sTou rpymnmbl. Ilo cpegHeli MIOTHOCTM, IPeo0JIagaHmio
Bomopoza u reaus HOnuTep mMoxoik Ha 3BE3ABI. B oT/iMume OT IJIAHET 3eMHOM
TPYHOIBI Y TUTAHTOB HET TBEPAOU moBepxHocTu. To, uTo MBI Habaozaem, —
9TO BEPINUHBI 00JIaKOB, IJIaBAIOMINX B aTMoc(epe. 3-3a OLICTPOro BpaleHus
ILJIAHeT-TUTAHTOB U CUJIbHBIX BETPOB 00JaKa BBITSATHBAIOTCS B II0JIOCHI, ITapaJ-
JeJbHBIE sKBaTOpy. OKpacKky obJilakaM HIPUIAIOT IPUMECH aMMHAUYHBIX 00pa-
30BaHUIl, MeTaH W APYTHe CIO0KHbIe COeINHEHNA.

CBeTJible M TE€MHBIE II0JIOCHI aTMoc(epbl
IOnuTrepa 00BACHAIOTCS PA3IUYHBIMHU 30HA-
MU gaBjeHus. CBeTJble 30HBI — 3TO 00JIaCTHU
BBICOKOT'O JaBJE€HUA, a TEMHbIe — HU3KOTO.
Témnnle rasbl IOSJHIMAIOTCS BBEPX B 00JIACTH
30H U OCTBLIBAIOT, MTOCTUTHYB BepxXHell I'paHu’-
bl 00J1aK0B. OXJIasKaadach, OHU IIaaloT B CO-
celHUIeE IIOJIOCHI, TIe MaBJeHUe HU3Koe.

B skBaTopuanbHoOil 30He (oT +9 m0 —9°)
ra3oBble TeUeHIsd HaIpaBJIeHBI CTPOTO C 3a-
majga Ha BoCcTOK. CKOpPOCTh ABUIKEHUS raso-
BBIX Macc pocturaeT 180 m/c (1o ucciaemoBa-
HHUSIM MEKILIAHETHON KOCMHUYECKOU CTaHI[NI

«Tanumeo»). Béauau mupor ot +20 mo —20° PucyHok 63 — lOnutep.
BeII[eCTBO IBUIKETCA B IPOTUBOIIOJJIOMKHYIO dotorpadusa nonyyeHa
CTOPOHY, C BOCTOKAa Ha 3amaj, CO CKOPOCTbIO KOCMMYeCKMM anmnapaTom
ok0y10 50 M/c. MeXAy OCHOBHBIMU TEUEHUA- «KaccuHw». TémHoe nATHO —

MU CYIIIeCTBYIOT BUXDPH U CTPYH. TeHb cnyTHuKa Mo
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PucyHok 65 — lMonApHble cnaHna
PucyHok 64 — Bonbuoe KpacHoe MATHO Ha lOnuTepe. Qotorpacdusa
Ha lOnuTepe KocMuueckoro Teneckona Xa66na

Ona IOnutepa, KaKk W AJs BCeX IJIAHET-TUTAHTOB, XapPaKTEPHBI CBETJIbIE
U TEMHBIE OBaJIbHBIEe HmATHA. Hambojsiee mpumMedaTeabHOEe M3 HUX — DBOJb-
moe Kpacuoe IlaTao (puc. 64), HabaogaoINeecsa B TeUueHne TPEX BEKOB. ITO
OT'POMHBLIN 1 OUeHb YCTOWUUBLIIA BUXPb, IIOX0KUN HA 3eMHOU yparas.

B monspubIx o01akax IOnurepa HabaiomaeTcsa sBJIeHUe, IIOA00HOe 3eMHO-
MYy ceBepHOMY cuAHUIO (puc. 65).

IIpencraBieHns 0 BHYTPEHHEM CTPOEHUU IIJIAaHET-TUTAHTOB IIOJYYEeHbI Ha
OCHOBe HAOJIOeHUI U TeOPEeTUYECKUX MOJejieii, OCHOBAHHBIX Ha CBOMCTBAX
BOZODOZA.

Ha gue ynnorusmomeiica sriayos Ha 1500 kM armocgdepsr FOnurepa Haxo-
JUTCA CJION KUAKOTO BOAOpona. 3aTeM aTMmocdepa IIepexoauT B 0codoe raso-
JKUIKOE COCTOSHUE.

Ha yposue npumepuo 0,77 pagmnyca miaaHeTbl HaUMHaeTCA 000JI0UKa, TIe
BOZOPOJ IPMOOpETAaeT CBOMCTBA MeTaJIa. 3/1eCh OH CXKUMAaeTCAd TaK CUJIBHO
(4 - 10'2 IIa), 4TO 3JIEKTPOHBI IOKMUAAIOT CBOU ATOMBI X CBOGOLHO IEepeMelra-
OTCA. ITO MPUBOAUT K IMOABJIEHUI0O MarHUTHOTO oA IOmurepa, HanpaKEH-
HOCTH KOTOPOT'0O Ha I'paHUIle 00JIauHOTO cja0sI B 12 pas BhIIlIEe, YeM Yy 3€MHO-
TO0 MarHUTHOTO IIOJIA.

B nenTpe IOnuTepa HaxXoAWTCA TBEPAOE AAPO, COCTOSIIEE U3 OKCUAOB KpeM-
HUS, MarHus ¥ JKejesa ¢ npuMmecaMu. [lmamerp BHYTPEeHHEro sapa — OKOJIO
25 TeIC. KM, TeMmieparypa B ero 1menTpe cocraBiaseT 23 000 K. Takasa Bvicokasa
TeMIepaTypa o0bACHAETCA MeAJeHHBIM I'DaBUTAIIMOHHBIM CKATHEM IIJIaHETHI.

B 1979 r. Kocmuueckue annapartsl «Bosmxep-1» u «Bosmxep-2» obHapy-
sxkuau y FOnurepa xoabia (puc. 66). OHI COCTOAT M3 OUeHb MEJIKUX ITBLINHOK



§ 14. MNnaHeTbI-rnranHTbl

91

[maBHOe

A

lano

KOJbLIO

Amanbtes

AgpaFCTeﬂ

PucyHok 66 — Cxema Koneuy Onutepa

(0,2—200 MKM). 9TH TBIINHKHK IIOCTEIEeHHO mamailT B atrMmochepy IOmurepa,

a X MeCTO 3aHMMAIOT APyrue, KOTOphle 00PasylTCsa IPU CTOJKHOBEHUU Ma-

JIBIX CIIYyTHUKOB, 0CO0EHHO AMaJbTe!, C METEOPUTHLIMU TEJIAMMU.
ITapamerps! FOmmuTepa cmorpure B Tabauiie 6.

Taoauma 6 — Ilapamerpsr IOnmurepa

3Bé3gHAasA BeIWYMHA
(MarkcuManbHAA)

-2,7

Ouamerp o 9KBaTOPY

142 980 k™

CpenHee paccTosHUTE

7'78,6 MIIH KM

Macca (3emaa = 1)

318

no Connna 5,204 a. e. CpelHAA ILIOTHOCTH 1,3 - 10% xr/m3
Ilepuon o6parenus 11,87 3emHOrO Cuia mpuUTSKeHUA 9.9
Bokpyr CosHIta roga Ha sKBaTope (Semis = 1) ’
Ilepuop Bpautenmsa TemnepaTrypa BepxHero

puoA Bpaillg 9,92 4 paryp P ~133 °C

BOKPYT OCH

cJI0A 00JIAKOB

Knpgkun
BOAoOpOA

Teéppoe

AAPO

la3006pasHble

BOZOPOA W renvmn

MeTannunyecknin

BOZOPOA
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2. CatypH. CaTypH — 5TO BTOpas IO BeJUUYHWHE ILJIaHEeTa-TUTaHT, OKPY-
JKE€HHAs KPacuBBLIMU KoJbllaMu (puc. 67). J[uck ImIaHeThHI 3aMeTHO CILIIOC-
HYT Yy IOJIIOCOB. JTO BBIBBAHO TeM, uTo y CaTypHa camas HuU3Kas IJIOTHOCTH
1n3 Bcex 1iameT COIHeYHON CHCTEMBI.

Koapma CarypHa (puc. 68) sameru emié 'anmunaeo anmuieii: 8 1610 r. on
00HApY KU II0 00e CTOPOHBI AMCKAa HeIMOoHATHbIe npugaTku. Ho Tonbko Xpu-
ctuau ['tofirerc B 1656 r. pasinumjg TOHKOe IJIOCKOEe KOJIbI[O, He COIpPUKA-
caloreecd ¢ miaaHetoii. C 3eMJu B TeJECKON MOXKHO YBUAETh HECKOJBKO KO-
Jiell, OTHeJEHHBIX APYT OT APYyra TEMHBIMHU HPOMEKYTKaMU.

Ha ocHoBe cmekTpanbHBIX McciaemoBaHuii B 1895 r. pyccKuil yUéHBIH
A. A. BeiomnoabCKuii yCTAHOBUII, UTO KOJbIIA He MOHOJHTHEIE, a COCTOAT U3
OTAEJbHBIX MeJKUX TeJ. CHUMKH, HOJyYeHHble KOCMHUUYECKUM allapaToM
«Boamxep-2», moKasaiu, UTO CHCTEMY KOJIeIl 00pasyioT THICAYM TOHKUX KO-
Jger. Kamxmoe M3 HUX COCTOUT 13 GECUMCIEHHOTO MHOXKECTBA OO0JIOMKOB JIbIA
pasMepoM OT MeJbUYaNIINX ILLINHOK M0 HeCKOJbKMUX MeTpoB. TosuHa KoJerr
He MIpeBHIIIaeT 2 KM, a TOJIINHA OTAEJbHOTO KOJblla — He 0ojablre 30 M.

IInockocTh KoJIell pachojiosKeHa B IJI0CKOCTH 3KBaTopa CaTypHa, KoTopas
nuMeeT HaKJOH 27° K miaocKocTu opoutsl. IIpu aem:xkenun CarypuHa mo opbu-
Te KOJIbIla, COXPaHAA ITOJOMKEeHMe B IMIPOCTPAHCTBE, ABAKILI 3a OTHO oOpa-
IeHne maaHeTsl BOKPYr CoJHIIa OKA3bIBAIOTCA IMOBEPHYTHIMU K 3eMJe CBO-
UM peOpoM. A Taxk KaK TOJNIWHA UX MaJia, TO B HeOOJIbIINE TeJeCKOIbl OHU
B 9TO BpeMs He BUIHBI. [lnamMeTp II0 HAPYKHOMY Kpaio KOJbIlA COCTABJIAET
272 THIC. KM, a 10 BHyTpeHHeMy — 144 Tbic. KM. CymMMapHasa Macca KoJiell
cocrasiser okoso 3 - 108 macesr CaTypHa.

Hampsa:xéumocTs MarauTHOro mojsa CarypHa 0Jam3Ka K 3eMHOIA.

ITapamerpsr CaTypHa cmoTpuTe B Tabaure 7.

PucyHok 68 — CTpyKTypa Konew
PucyHok 67 — CaTtypH. CatypHa (uBeTa HeHaTypanbHble —
Qotorpadua caenaHa OHM NOAYEPKMBAIOT pasnnyne

KoCcMMnYeckum Teneckonom Xa66na MVHEepaJIorMyecKkoro coctaBa Konew)
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Ta6mauna 7 — Ilapamerpsr CaTypHa
3BésnHAaA BeJIMUMHA
A 0,7 JduameTrp o 9KBaTOPY 120 536 kM
(MaxkcuManbHAA)
CpenHee paccTOsSHUE 1434 muH KM Macca (3emaa = 1) 95,2
no Comrna 9,56 a. e. CpefHAA ILIOTHOCTD 0,7 - 10® kr/m®
ITepuon obpamienus 29,67 3emHOrO Cuna npursiKeHusa 11
Bokpyr Couania roga Ha sKBaTope (3emua = 1) ’
Ilepuon Bpamienuda Temneparypa BepxHEro
PHoZ Bpat 10,66 4 patypa Bep ~170 °C
BOKPYT OCHU cJI0s1 00JIaKOB
" Ty Auenkn
: C UUPKyNUpyowmumm
{ ‘ BOAOPOAOM U1 refinem
KameHHoe /K MeTannnyecknin Bogopopg
Aapo C KanenbKamu renuvs
‘__.m_'
3. YpaH. YpaH — TpeThbs IIO0 BeJUUMHE ILJIaHeTa-TUrauT. Ilmamera oueHb

KpacuBoOro 3ejeHoBaTo-rosy6oBatToro 1sera (puc. 69). IIpuunua sToro Kpo-
eTcd B cocTaBe aTMmoc(epb! miaHeTrsl U €€ Temmeparype. Ilpu Temmepa-

PucyHok 69 — YpaH. OoTorpadus
nonyyeHa KOCMMYeCKUM
Teneckonom Xa66na

Type —217 °C B BepXHUX CJIOAX BOJOPOIHO-
reJueBoii armocdepbl YpaHa obpasoBajach
MeTaHOBasA AbIMKa. MeTaH XOPOIIO MOTJIOIIA-
eT KpacHbIe JIyUYM U OTPaskaeT rojiyonle m 3e-
aéunie. ITosTomMy mimamera m mpuoOpeJsa Kpa-
cuBLII OMPIO30BLIH 11BeT. B atmocdepe Ypama
He HabJsOaeTcd HUKAKUX 3aMETHBIX BO3MY-
IeHn.

B 1977 r. ObLIM OTKPBITHI KOJBbITAa YpaHA.
CHuMKH, caenaHuble «Bogmxepom-2» B 1986 r.,
HOATBEPAUJIN X CYIIIEeCTBOBaHME. YPaH OKPY-
JKEH OOWHHAAIIATHIO Y3KUMM KOJIbIIaMU, pac-
IMoJIaTAIOMTMMUCA B IJIOCKOCTH KBaTopa Ha
paccroarauu ot 42 mo 51,4 Teic. KM (uam
1,65—2,02 pammyca) oT IeHTpa IJIaHETHI.
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Tunuunas mupuHa KoJel oT 1 70 8 KM, TOJBKO Y caMOT0 0OJIBIIIOT0 OHA MEHS-
ercs oT 22 go 93 kM. Tommuua Koserr He mpesbiiiiaeT 1 kM. Kosbiia Ypana co-
CTOSAT M3 MEJKOH IILLIN W HeOOJBIINX TBEPALIX TEMHBIX YACTHIIL.

MaruuTHOoe 1moJie YpaHa mMeeT OOHY WHTEPEecHYo ocobeHHOCTh. Och Bpa-
IMeHNA IIJaHeThl MOUTH JIEKUT B IJIOCKOCTU OPOUTHI, ¥ JIUHUU MATrHUTHOTO
IMOJIA CKPYYEHBI BpallleHreM ¥ paHa B AJUHHBIN IIITOIOP II03aAU ILIAHETHI.
HanpsaxkénHocTh MATHUTHOTO IOJIS IPUOJIM3UTEIHLHO PaBHA 3€MHOIM.

ITapamerpsl ¥Ypama cmoTpuTe B Tabiauile 8.

Taoaunma 8 — Ilapamerpsr ¥Ypana

3BE3aHAaA BeINUYMHA

(MaxcuMaTbHas) 5,5 HuameTp II0 SKBATOPY 51 120 kM
CpenHee paccTosgHHNe 2870 MaH KM Macca (Semaa = 1) 14,5

no CosHna 19,18 a. e. CpezHss ILIOTHOCTD 1,3 - 103 kr/m?
ITepuon obpamienusa 84,0 semuoro | Cuia nIpuTAKEHUSA 0.9
Bokpyr Coumia roga Ha sKBaTope (emua = 1) ’

Ilepuon Bpamenusa TeMIepaTVDA Be ero
MIepar BepXHer
BOKPYT ocu 17,24 4 paryp p =217 °C

cJa0s1 06JIaKOB
(obpaTHOe BpallleHue)

ATmocdepa 13 Bogopoaa,
renvs u MeTaHa

KameHHoe
anpo

MaHTnA 13 3amépsmx
BOAbI, METaHa 1 aMMMaKa

4. HentyH. HenTyHn — camblii MmasenbKuil rurant. HaxoguTesa moutu Ha
Kpao CosmHeuHOH cHCTeMBI M IIOJyYaeT OUeHb MAJIO COJHEUHON SHEepTruu.
Ho, Hecmorpsa Ha aTO, miaaHera oueHb akTuBHa. Ha ¢ororpadpmax Hemry-
Ha XOPOIIO BUIHLI 00JIaKa, HOABJAIIIHECT M HcUesalolnue B aTMmocdepe
niaHeTsl. IIpumeuarenbHoil geranbio HentyHa aBiadercda u Boabmioe Téewm-
Hoe Ilaruo (puc. 70), cxoxxee 1o cTpykType ¢ Boabimum Kpacuabim IlaTHoM
Onurepa.
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CropocTs Berpa B armochepe Henryna mo-
cTUTaeT peKopaHoro sHaueHus — 600 m/c.
IIpenmosiokeHre 0 CYIIIeCTBOBAHUU KOJIEI]
y Henrtyma 6b1J0 BuIABUHYTO B 1984 r. Ha
OCHOBe HAOJIIOEHUI 110 MTOKPBITUIO 3BE3 ILJIa-
Hetoli. Tpu 3aMKHYTBIX M OJHO HE3aMKHYTOE
KOJIBIIO BUJHBI HA CHUMKAX, IIOJYUYEHHBIX KOC-
MudYecKuM Kopabiaém «Bosamxep-2» B 1989 r.
Pacnomaratorcs xoablla Ha pacctosguauu ot 1,7
Io 2,5 pagmyca miaaHetwl. IllupuHa Kojerm —
1700, 15, 5000 u 50 kM coorBeTcTBeHHO. OHHI
COCTOAT M3 MEJKUX CUJINKATHBLIX IIBIJINHOK,
oTpakamiux 6 % CcoJHeUHOro cBeTa. Qotorpadus caenana
HanpsaskénHocts MarauTHoro noas y Hem- KOCMUYECKUM annapaTom
TYHa B 3 pa3a MeHbIlIe, UeM Yy 3eMJin. «Boap,)Kep-Z»
ITapamerprsr HentyHa cmoTpuTe B Tabauiie 9.

PucyHok 70 — HenTyH.
Bonbwoe TémHoe MAaTHO.

Tadauna 9 — Ilapamerpsr HenryHna

3Bé3aHAA BeJIUYMHA
A 7,8 HmameTp M0 SKBATOPY 49 528 kM
(MaxkcuMaIbHAA)
CpenHee paccTosHNE 4491 MiH KM Macca (3emaa = 1) 17,2
no Comnna 30,0 a. e. CpeJHAA ILIOTHOCTH 1,8 - 10% kr/m®
ITepuon obpaleHus 164,5 semuoro Cuna IpUTAKEHUS 11
Bokpyr CosHIta rojga Ha sKBaTtope (Semiuaa = 1) ’
Ilepuosn Bpamenusa TemmepaTypa BepxXHETro
ProA BPatt 16,11 u batypa Bep ~214 °C
BOKpPYT ocu cJa0s1 00JIaKOB
Atmocdepa 13 Bogopoaa,
renvsa u MeTaHa
KameHHoe Pbixnas cmecb 13 3aMEp3LUmMX

AQpPo BOAbl, aMMaKa N MEeTaHa
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@ T'1aBHBIE BBIBOIBI

1. B oramune OT mIaHET 3eMHOUW TI'PYHNBI IIJIAHETBI-TUTAHTHI IPE-
CTaBJAIOT cO00II KPyHHBLIE MAacCHUBHBIE Ta3000pasHBIE TejJa C MAaJiou
IIJIOTHOCTHIO, yaaJéHHble oT CoJHIIA HAa 3HAUMTEJNbHOE PaCCTOSHUIE
(ot 5 mo 30 a. e.).

2. IlitaHeThI-TUTAaHTHI OY€Hb OBICTPO BPAIIlAIOTCA BOKPYT CBOUX OCeil.

3. Bce miaHeTHI-TUTAHTBI UMEIOT KOJbIIA.

4. OCHOBHBIMH KOMIIOHEHTaMH aTMoc(ep S3TUX IJIaHeT SBIAITCS
BOJOPOJ 1 TeJIUM.

@ KoHTponbHble BONpocbl 1 3agaHns
1. YKaxute Ha OTIMYME OCHOBHbIX GU3MUYECKUX XapaKTepUCTWK MIAHET-TUraHToB OT
niaHeT 3eMHON rpynmnbl.
2, KakoBa 0CO6EHHOCTb BpaLleHUsi MAaHeT-TMraHToB BOKPYr ocu?
3. Pacckaxunte 06 0COBEHHOCTAX CTPOEHUS MIaHeT-TMraHToB.
4, Y10 NpeacTaBnaioT cobon Konbua niaHeT?
5. lMouemy nHorga Jake B KpPymnHble Teneckonbl He BUAHbI Konbua CaTypHa?

§ 15. JlyHa. CnyTHUKVM nnaHet

1. X nsnueckne ycnosmna Ha JlyHe. Jlyaa — eZmMHCTBEHHBII eCTECTBEHHBIN
CIYTHUK 3eMJIH. ITO TeJIO IMIapoodpasHoii opMel guamerpoMm 3475 km. Mac-
ca Jlynbl Bcero B 81 pas meHbIle Macchl 3emiau. CpeaHsaA IJIOTHOCTH JIyHBI
pasua 0,6 maoTHOCTH 3eMJIM, a YCKOPeHre CBOOOJHOIO IMajgeHus B 6 pas MeHb-
IIIe 3eMHOT0, T. €. Ha JIYHHOU IIOBEPXHOCTHU IIPEIMEeTHI BecsaT B 6 pas MeHbIIle,
yeM Ha 3emye. ComHeunble cyTKU Ha JIyHe MIPOAOIKAIOTCA CUHOIUYECKUN Me-
carn (29,5 semabIX cyTOK). Ha JIyHe HeT BOABLI B :KUAKOM BHUAe U IIpaKTHUUe-
CKHU HeT aTMoc(depbl. 3a JIYHHLIHA AeHb, KOTOPBIN AJNTCA OKOJIO 15 3eMHBIX
CYTOK, MOBEPXHOCTEL yciieBaeT HarpeThbesa a0 +130 °C, a HOUBIO OXJIAAUTHCS IO
=170 °C. Ilpu BBICOKHX TeMIepaTypax CKOPOCThb I'a30BBLIX MOJIEKYJI IIPEBLIIIIAeT
BTOPYIO KOCMUYECKYIO CKOPOCTh AJiA moBepxHocTu JIyHEI, paBHYIO 2,38 KM/C,
II09TOMY Ta3bl, BBIAEJISIONINECA U3 HeAp CIIyTHUKA 3eMJIN WJIN 00pasyroliue-
cdA IIPU HaJeHWW METEOPHBIX Tej, ObicTpo mokumaior JIyay. Bes razoBoit at-
mocdeps! JIyHa momBepiKeHA BO3AeHCTBUIO BCEX BUIOB 3JIEKTPOMATHUTHOTO
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usayuenus CoJIHIIA, a TaKiKe yZapaM MeTeop-
HBIX TeJI Pa3HOTO pasmMepa.

HeBoopy:KEHHBIM TIJIa30M Ha JYHHOM IIO-
BEPXHOCTU Pa3JIUUYMMbBI CBETJLIE UM TEMHBIE
yuacTku. Ha TéMHBIe, OTHOCUTEJIBHO POBHBIE
00JIaCTH ITOBEPXHOCTU, HA3BaHHBIE «MODPSIMUY,
npuxogutcsa 16,9 % Bceil moBepXHOCTU JIyHBI.
Bojee cBeT/ible TOPUCTEHIE YUACTKU, TAK Ha3bI-
BaeMble «MaTePUKMN», 3aHUMAIOT OCTABIIIYIOCS
MMOBEPXHOCTh W XaPaKTePU3YIOTCA HAIUUYNEM
TOPHBIX XPeOTOB, KOJIBIIEBBLIX T'OP, KPaTepoB
(puc. 71). IlepByo moapoOHYIO JYHHYIO KapTy
coctaBuJ B 1647 r. moabCcKuil acTpoHOM SIH
T'esesnuii. C Toro BpeMeHU A0 HAIIUX THEH co-
XpaHuanch HazBaHusa Mmopeii — Mope CookoiictBus, Mope Kpusucos u ap.
HasBanusa ropHbBIX XpeOTOB, TAHYIINXCA OOLIYHO BIOJh OKPAWH MoOpeii, co-
3BYYHBI 3eMHLIM — Amnennmnbl, KaBkas, Kapoarsl u ap. ATeHHUHB UMEIOT
MaKCHMAaJIbHYIO BBEICOTY OK0Ji0 6 KM, a KapmaTbel — sumib 2 KM (puc. 72).

CaMbIMU MHOTOUYMCJIEHHBIMU O00PA30BAHUAMHU Ha JIYHHOUN MOBEPXHOCTHU SAB-
Jg1oTca Kpatepbl (puc. 73). Ix pasmephbl K0JIeOJII0TCA OT MUKPOCKOIIMUYECKHUX
Io 6osee 100 kM B muamerpe. KpaTep COCTOUT M3 KOJBIIEBOTO BaJia M BHYTPEH-
Heli paBHUHBI. ¥ OOJIBIIIMHCTBA «MOJIOABIX» KPATEPOB HA AHE BO3BBIIIAIOTCS
IeHTPaJIbHbIe TOPKU. B IOTHOMYHIE Y «MOJOABIX» KPATEepPOB, MMEIOIINX MeTe-
OPUTHOE IIPOUCXOKIeHNEe, MOKHO BUAETD JIyUeBbIe CCTEMbl — CBETJIbIE II0JIO-
ChbI, PafuaJIbHO OTXOMASAINNE OT KpaTepa M TAHYIIMECS Ha COTHU KUJIOMETPOB.

Vaap KpymHOTO METeOpUTa WM HeOOJIBIIIOTO acTepouaa O IOBEPXHOCTH
JIyHBI comrpoBo:KAaeTcss B3pbIBOM. IIpm sTOM IpouCXOAUT BHIOPOC JIYHHOTO
BeIleCTBA O] Pa3HBIMU yriiaMi. SHAUUTEJbHAS €ro YacTh IIomajaeT B KOC-
MOC, OJHAKO HEKOTOopas I0oJdA IajaeT o6paTHO Ha eé MOBepPXHOCTh. W3 cTpyit
M3MEeJILUEHHOTO BelrlecTBa (GopMUPYIOTCS JyueBble cucTeMbl. s HaOmIOmA-
TeJiA JIYIU KasKyTcs 0ojiee CBETJBIMHU MOTOMY, UTO OHU OTPaYKalOT CBET JIyU-
1I1e, YeM TIJIOTHOEe BeIlleCTBO TOTO JKe COCTABA.

KpynHble u cpegHMe KpaTepbl Ha3BAaHBI B UECTh BBIJAIOIINXCA YUEHBIX:
IITonemeiir, Apxumen, Ilmaton, Konepuuk, Tuxos, IlImuat u gp.

KocMuueckue mcciie[JoBaHUA CYIECTBEHHO YIJIyOWJM HAIM 3HAHUSA O
JIyue. B 1959 r. coBerckum amnmapatrom «JIyHa-3» ObLiIa BIepBble chOTO-
rpadupoBana obpaTHas, HeBugmmasa cTopoHa JIyuei. B 1965 r. moaBuiach
mepBas mosiHas Kapta JIyHBI, cocTaBieHHAs IIOJ HAYYHBIM PYKOBOACTBOM
0. H. Jlumnckoro.

PucyHok 71 — Bup JlyHbl
B Teneckon
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PucyHok 72 — KapTta-cxema KpynHenwmnx getanein BUAMMOro B Teneckon ¢ 3emnu
nonywapua JlyHbi

Awmepuranckue actpoHaBTbl Hun Apmcrpour u 9asun OJAPUH CTAIU Iep-
BBIMHY JIIOABMH, CTYIUBIINMHI Ha MOBepXHOCTSH JIyusl 20 utona 1969 r. Actpo-
HaBTHI, HaxonsAch Ha JlyHe, Moram BuieTh Ha Hebe Halry 3emuio (puc. 74).
AmMepuKaHCKUe KOocMUYecKue Kopabuu cepuu «ATOJNJIOH» B TeUEHHUE IIOCJjie-
IYIOIIUX TPEX JIeT IIeCTh Pas3 AOCTaBJAIN B pasHble mMecTa JIVHBI dKCHeIN-
muu (12 acTpoHABTOB 3aHMMAJINCHL MCCJIETOBAHUAMEU B MeCTaX IIOCAN0K, UM
yaaiochk coopath 0ojsiee 360 Kr JTyHHBIX 00pasmnoB). JIyHHBIE TOPOALI TOCTAB-
JIAJIV W COBETCKME aBTOMATUYeCKUe CTaHIuU «JlyHas.

IToBepxXHOCTHBIN CJIOI €CTEeCTBEHHOTO CIIyTHUKA 3eMJIU COCTOUT U3 MEJIKO-
00JI0MOYHOTO MaTepraia — perojurta (puc. 75) u mMeer TOJIUHY 0KoJo 10 M.
B cocraB JyHHOTO perojimTa BXOIAT TaK:Ke CTEeKJSHHBIe chepruuecKme Mu-
KpouacTuibl. [[pobsieHue JYHHBIX HOPOJ IPOMCXOAUT B OCHOBHOM H3-3a
MUKPOMETEOPUTHON O0MOApAMPOBKY M PE3KUX MEPeIrasoB TeMIepaTyphI.
Perosnut obiazaeT Majoil IIOTHOCTBIO (BepxHMil caoii 1200 kr/m%) u ouens
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PucyHok 73 — Yactb
nosepxHocTn JlyHbl. ®otorpadusn PucyHok 74 — 3emns, sBupumasn
nonyyeHa ctaHuymen «30HA» C noBepxHOCTN JlyHbl

HU3KOH TemJIONMPOoBOAHOCTHIO (B 20 pas MeHbIIIEe BO3AyXa), IIOATOMY yiKe Ha
rIyouHe OKoJIo 1 M KojebaHuA TeMIIepaTyphbl IPAKTUUYECKU He OIYyTUMEI.

Ilo xuMHUUecKOMy COCTaBy JIVHHBIE IIOPOJLI OUeHBb OJU3KU 0a3aIbTOBLIM
mopogam 3emuu. Ilopoasl IYHHBIX MOpeil OTINYAIOTCA BHICOKUM COMEDIKAHM’-
eM OKCHIOB JKeJjie3a ¥ THUTaHa, MAaTePUKOBbIe — BBICOKUM COJePIKaHUEeM OK-
CUIOB aJIIOMUHUSI.

B mocienmee BpeMs KOCMHUUYECKNE CTAHIIMK OOHAPYKUJIMN 3alachl BOM-
HOT'0 JIba B HOJAPHBIX 00gacTax JIyHbl. [IoOCKOMBKY yroJ HaKJIOHA JYHHOI'O
SKBaTOpa K SKJINUNTHUKE Bcero 1,5°, To 1HO maske HETTyOOKMX KPaTepoB B IIO-
JSPHBIX 00JIACTAX HUKOTZA HE OCBEIAeTCs COJNHEeUHbIMU Jyuamu. IIpu 1mo-
croguuon Temueparype —200 °C mHO HmOJSIPHBIX KPaTepPOB MOKPLIBAET CMECh
peronuTa co JbA0M. VICTOUHMKOM BO3HUKHOBEHUSA W HAKOIJIEHUS JYHHBIX
MMOJIAPHBIX JIBAOB MOTYT OBITH yIABIIINME B 9TH O0JIACTH KOMETHI, KOTOPbBIE
IPECTaBIAIOT CO00M JIeIAHbIe TeJa.

BryTpenHee cTpoeHMe JIyHBI M3yUEHO IO 3alIMCAM COTPACEHUM OT yIapoB
MEeTEeOPUTOB, KOTOpPbie (PUKCUPOBAJIUCH O0-
craBieHHBIMU Ha JIyHy ceficmorpadamu. Ilox
cJ0eM peroJiuTa paciiojaraercs Kopa, TOJ-
IUHA KOTOPOIl Ha BUAMMOI (0OpaIéHHOl K
3emie) cTopoHe cocraBiasger 60 KM, a Ha 00-
paruoii — 100 km. ITom Kopoil HaxXogUTCS
MaHTUSA, TOJIHUHA KOoTopoi okoso 1000 Km.
3ona rayosxe 1600 kM HamoMUHAET 3eMHYIO
MaHTHUIO, uMeeT ToJIuHy 430 KM U Temie-
patypy okxoso 1800 K. Ilociaemmme mcciie-  PucyHok 75 — OCHOBHble TUMbI
IOBAHUSA IMOATBEPAUIU, UTO B IEHTPE JIyHBI YyacTuyeK NIYHHOro peronuTa
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HaXOAUTCsA MeTaJaIndecKoe aAapo pazuycoMm okoyo 300 KM, Macca KOTOPOTO
cocTasisieT 0KoJo 3 % ot obiei macchl JIVHEL.

CyilecTByeT HeCKOJbKO runore3 oopasoBauusd JIyabl. IIo ogHOM 13 caMbIX
monyJApHLIX JIyHa obpaszoBasach BMecTe ¢ 3eMJIEH M3 OJHOM IJIaHeTe3mMa-
au. Belio mpeamosiosKeHMe, YTO 3eMJs MOTJIa PasfAeUThCA Ha OBe YacTU U
uTo BraguHa THUXOro okeaHa — 9TO «AMa», OCTABIIIasCA IIOCJE TOTO, KakK JIy-
Ha «BBIPBaJIaCh» M3 3eMJIU.

HexkoToprle yuéHble moJaraior, uTo JIyHa 00pasoBaiach MyTEéM O0heINHEHM S
KPOINIEUHBLIX KaMeIITKOB, 00pallaBIIuXCcA BOKPYT 3emun 4,5 MJIpI JIeT Hasa.
Haxommenue yacTuil mon AeliCTBMEM CHJI I'PABUTAIIUU, AEHCTBYIOIINX BOJIN3U
3eMJIH, CTaJI0 «yMEHBIITeHHBIM» BAPHMaHTOM TAaKOI'o JKe IIpollecca, KOTOPbIH IIPo-
WCXOUJI B IEPBUYHON COTHEUHON TYMaHHOCTH U IPUBEN K POKICHUIO ILJIAHET.

PaccmarpuBaerca u Takoii MexaHusM obpaszoBaHudA JIyHbl. Semjasd, mpo-
IeAIasi OCHOBHBLIE cTamuu Aud@epeHIMAIIUN BeIlecTBa, CTOJIKHYJIACh C
KPYIHBIM HeOecHBIM TesioM (pasmepom ¢ Mapc). Kocoit yamap paspymina TOJIb-
KO BepXHUe CJIOM 3eMHBLIX HeAp. Ha 0K0/103eMHYI0 OpOUTY OBILIO BHIOPOIIIEHO
BEII[ECTBO 36MHOU KOPBLI 1 MAHTUM, U3 KOTOPOTrO IIYTEM CIUAHUSI CPOPMUPO-
BaJICA CIIYTHUK 3eMJIU.

ITapamerpsr JIyasl cmoTpuTte B Tadauiie 10.

Ta6auna 10 — Ilapamerpst JIyHs:

3Bé3aHasA BeJIUUYNHA

-12,7
(MarcuMaIbHAaA)

IuameTrp o sKBaTOPy 3475 xm

384,4 MIH KM Macca (3emua = 1) 0,012

CpenHee paccTogHUTE
60,3 paguyca

1o 3emiu CpeHAA ILIOTHOCTH 3,34 - 103 kr/m®
3emau

Ilepuopn obpamierus 27,32 3eMHBIX Cuia mpuTsaKeHUS HaA 0.17

BOKPYT 3eMJIu CYTOK skBaTtope (3emua = 1) ’

Ilepuon BpaleHusa 27,32 3eMHBIX TemmepaTtypa Or -170

BOKPYT OoCcU CYTOK IIOBEPXHOCTH no +130 °C

BepxHAaa maHTnA Kopa

Appo HwXHAA MaHTuA
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2. CnytHukm nnaHetr. B Comueunoit cucreme Ha Havaiao 2014 r. msBect-
HO 173 ecTecTBeHHBIX CIyTHUKA mjaHeT. CeMb CIIyTHUKOB, BKJIOUYad JIYHY,
umeroT guametp Ooxabire 2500 kM, a 'anumen u Turam (Taba. 11) gaxke mpe-
BOCXOJSAT 110 pasMepy MepKypuHii.

Ta6aumna 11 — KpynHble COyTHUKYU NJIaHET

CnyTHUKH

5 g « -

XapaKTepUCTHEN S - = o o g g

= £ 5 S| > = =

g e = = 3 i

= 3 = =

o i o o, o) o

° 2 ° 2 5 ° 5.

Ilnanera E g = E = = =}

< ) = )

@ o e = @ @ T
Huamerp, KM 5268 5150 4806 3640 3475 3130 2700
Maceca, x 1022 kr 1,49 1,35 1,08 0,892 0,735 0,485 0,215
IlnoTHOCTD, KI‘/M3 1930 1900 1830 3550 3340 3040 2100
Temneparypa 140 | 179 | -140 | 130 | " 10 | 140 | -235

moBepxHocTH, °C no +130

Hebosbiine cOyTHUKM pasMepoM B JECATKU KUJIOMETPOB IIPEACTaBJIS-
0T co00#l KaMeHHbIe WU JIeASHbIe TeJa HelpaBuJabHOU (opMbl. X moBepx-
HOCTH yCesHBI KpaTepaMu M HMOKPBITHI MeJKOI mbLiIbio. Cpelrue COyTHUKU
(B HECKOJILKO COTE€H KHJIOMETPOB) B OCHOBHOM IIapooOpasHble M MMEIOT Ma-
JYIO IJIOTHOCTh. I[0 BHeITHEeMY BUAY UX IIOBEPXHOCTH HATIOMUHAET JIYHHYIO.
OrsinyatoTcsa pasHooOpasueM 7 KPYIHEHININX CIYTHUKOB. Ilo cBoemMy cTpoe-
HUIO OHU GOJIBINIE MTOXO0KM Ha IIJIaHeThl 3eMHOM Ipynibl. KpymHeiiinne coyT-
HuKu Onutepa 6bLIu OTKPBITHL e1ié B 1610 r. Tamnaeem. OgHako OCHOBHEBIE
CBeIeHUA O IIPUPOJie KPYIHBIX CIIYTHUKOB ILJTAHET-TUTAHTOB IIOJYUYEHBI B pe-
3yJIbTaTe HCCJEeTOBAHUN C IIOMOIIBI0 KOCMUYECKHUX AlllapaToB.

Mogenb BHYTPEHHETO CTPOEHUS KPYHHBIX CIIYTHUKOB IIpegycMaTpuBa-
eT HaJMuue y HUX TPEX 000/I0UeK: KOPbI, MAHTUU U AApa. SapoM, comepsKa-
UM coeIuHeHU Keiesa u 3aHumaromiuM ot 0,3 go 0,6 pagmyca cryTHUKA,




102 Pazpen IV. CpaBHUTENbHAs MaHeToNOrNsA

obmamator Mo (puc. 76), EBpona (puc. 77) u
Tanumen. ¥V Tpurona u Kamaucro (puc. 78)
KaMeHHCThIe Spa TaKoro Ke HJIHU JaxKe
00JILITIETO Pa3MEpPOB.

CunukarHasa (kKameHucras) xkopa Mo
umeet Toaimuuy 30 Km. Iloxg Helr Ha raybu-
He 100 KM HaxXOAUTCS KUAKAS Marma, TeM-
neparypa Koropoiut mocturaer 2000 K. Mar-
Ma IIUTAeT MHOTOYMCJIEHHBIe ByJKaHBI Mo.

PucyHok 76 — Wo — cnyTHuK OcTaJbHBIE CIIYTHUKM IIOKPBITHI JEeASAHOMN
tOnuTepa. UssepxeHne BynKaHa. 5 10ukoft pasHOLl TONIIMHLI, TOI KOTOPOLT
®otorpadua caenaHa

MEXNNaHETHbIM ANNAPaToM pacroJjosKeHa KaMeHUCTass MaHTU.

Tanuneos Ha moBepxnocTH TpI/ITOHaUI/I Tanumena

BUJIHBI CJeIbl TEKTOHUYECKOMN IesaATebHO-

CTU: PasjOMBI, C:KATUs, TPEIIUHBLI, MejJKue xpebrhl. Kamiucro oTinyaercs
OT HUX HAJUYHEM MHOTOUYMCJEHHBIX KPAaTePOB YIAPHOI'0 IPOUCXOKICHUA.

Jlegsuyio 060m0uKy EBpOIBI IIepeceKkaeT CeThb CBETJIBIX U TEMHBIX Y3KMX
OJIOC. DTO TPEIIUHBLI B TOJICTOUN JieAAHOI Kope, BbI3bIBaeMble IIPUJIUBHBIMU
BoageticTBuamMu IOmnuTepa. MHorosieTHre HaOJMIOAEHUS 3a PUCYHKOM, KOTO-
PbIii 00pas3yioT TPEIUHbI, IOKABAIN, UTO JeAAHbIe MacChl HEMHOTO CMEIIlaioT-
¢S OTHOCHUTEJBHO APYT Apyra. OTO 3HAYUT, YTO IIOAO JILIOM HAXOAHUTCS BOZA.
B HeKoTOpBIX MecTax JieAAdHOro naHuupsa EBponbl KocMuuyecKuii anmapar «I'a-
auiaeo» chororpadupoBas CTPAHHBIE XAO0THUUYECKHE HATPOMOMKICHUS CTAPBIX
JIBIVH, BMOPOXKEHHBIX B CBEXKUI JIE[. ITH CTPYKTYPhI HASBIBAIOTCA «XA0CAMU»

PucyHok 77 — PucyHok 78 —
Xspona — cnyTHukK lOnuTtepa Kannncto — cnyTHuk lOnutepa
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PucyHok 79 — Xaocbl Ha PucyHok 80 — CnyTHukK CatypHa —
cnyTHuKe lOnutepa XBpona TuTaH — vMeeT o4YeHb MNIOTHYI0 aTMocdepy

(puc. 79). OHu CBUIETEILCTBYIOT O TOM, UTO BpeMs OT BpeMeHHU JIEH ITOATAaNBA-
eT, HO IIOTOM CHOBa 3acThbIBaeT. He ycIeBIliie pacTasThb JbAUHBI OKa3bIBAIOTCA
BMOPOXKE€HHBIMU B HOBBIH J€m. O TOM, UTO JieAsgHAsA IIOBEPXHOCTh EBPOIIBI MOJIO-
[Ia, CBUIETEJIbCTBYET U IIOUTH MOJIHOE OTCYTCTBHE Ha Hel yIapHBIX KPaTepoB.

Ha WMo HeT mpu3HAKOB CYIIIECTBOBAHUA 3HAUNTEIHHOTO KOJNUYECTBA BOIBI
HU BHYTPHU CIIYTHUKA, HU TeM 6oJjiee HA eT0 IMMOBEPXHOCTU. 3aTO TaM OTKPBI-
TBI MHOTOUYHCJIEHHBIE BYJKaHUUECKNE N3BEp:KeHUs. BLIOGPOIIIeHHBIE BYJIKa-
HaMU ¥ OceJalolliie Ha IIOBePXHOCTH COEIUHEHUS CepPhl IPULAI0T CHYTHUKY
OKpacKy oT 0eJioii 10 ApKO-KpacHO# u uépHoil (cM. puc. 76). IIpu sTom mBeT
3aBHCHUT OT TeMIIepaTyphbl BelllecTBa. M3 ;Kepja BYJIKaHOB ras3bl BhIOpachIBa-
1oTcs Ha BbICOTY OKoJio 200 KM co cKopocThbio mpuMmepHo 1 Km/c. I'asoBbie
reiisepnsl 3aMeUeHbl HaJa HOJSApPHO# mankoi Tpurona. CTpyu TEMHOTO Belre-
CTBa BBIPHIBAIOTCA BBEPX C €r0 IMIOBEPXHOCTU U JOCTUTAIOT BHICOTHI 8 KM.

Hawnb6osee morrayio armocdepy umeer Turan (puc. 80). Oua ma 60 % 6o-
Jlee TJIOTHAasI, YeM Ha 3emJje, W mpuMepHo Ha 85 % cocrouT u3 asora. [las-
JIeHUe y TIOBepXHOoCTHU B 1,5 pasa mpesBbiliaeT 3eMHOoe. KocMuuecKuii anmapar
«T'rotirerc» B 2005 r. 00HAPYKUJI TOPHBIE XPEOTHI, pycja PeK, 03€pa KUIKO-
ro MeTaHa U STaHAa.

PaspexxeHHyI0 arMoc(epy U3 asora u Merana umeer Tpuron (10° semHOIT).
Craabas armocdepa M3 MOJEKYJIIPHOr0 KICIOPOoAa OKyTeIBaeT 'anumen u Espo-
my (107 u 107! zemmuoit). OGpasyeTcs OHa TaK: CONTHEUHBIH CBET, KOCMIUECKHe
JIyY 1 MUKPOMETEOPUTHI BHIOMBAIOT C JIEAAHOM MIOBEPXHOCTY MOJIEKYJIBI BOIBI,
KOTOpbIE IO JeMCTBHUEeM YJIbTPa(HOIeTOBOrO M3JIYUeHNs PAclIafaloTcs Ha aTo-
MBI BOZOPOZa U KHUCJIOPOaa. ATOMBI BOAOPOAa Cpasdy Ke MOKUIAI0T aTMocdepy,
a aTOMBI KUCJIOPOAa O0heINHSAIOTCSI B MOJIEKYJIbl. Paspeskenuas atmocdepa 13
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PucyHok 81 — ®ob6oc — cnyTHMK Mapca. PucyHok 82 — MupaHpga —
Ha nepepgHem nnaHe Kpatep CTUKHMK CNYTHUK YpaHa

YIVIEKUCJIOTO Tada ecThb y KaiamncTo, Tako# sKe paspeskeHHOI aTMmochepoil u3
OKCH/I0B CepBI U BYJKaHUYECKHUX rasos obnazaer Mo (107° semmuoii).

¥V HEeCKOJBbKUX KPYIHBIX CIIyTHUKOB O0OHAPYKEeHBbI COOCTBEHHBIE MaTHUT-
HBIE TI0JIA.

W3 nmanmer 3eMHOM IpynIibl, KpoMe 3eMJid, TOJbKO Mapc umeer aBa CIyT-
HUKAa, OTKPBITHIX B 1877 r. amepukaucKkuM acTpoHomoM Acadom XoJioM. ITo
He0OJIbINTNe KaMEeHUCThIe Tejla HeIPaBUJIbHOH (GopMbl pazmMepoMm 27 X 19 kM —
doboc (puc. 81) m 16 x 11 xm — [leiimoc.

M306pakeHusa HEKOTOPBIX APYTUX COYTHUKOB maaHeT COJMHEUHOH cucTe-
MBI IPEeJCTABJIEeHBLI Ha PUCYHKax 82—84.

PucyHok 83 — Mumac — cnyTHuk CatypHa. PucyHok 84 — JDHuenag —
bonbwon Kpatep nmeeTt anameTp cBbiwe 100 KM cnyTHUK CatypHa
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I''taBHBIE BBHIBOIBI

1. Jlyaa — coyTHuK 3eMJn 1 OJmikaiiiiee K 3emJje HeOecHOe TeJo.

2. Tlo cBoeii npupoze JIyHa, Kak u Ipyrue KPyIIHbIe CIIyTHUKN I1JIa-
HeT, 0JIM3Ka K ILNIAHEeTAM 3€MHOU TI'DYIIIIHI.

3. HeOosplliie CIyTHUKY ILJIaHET (PasMepoM B OECATKU KHUJIOMeE-
TPOB) IIPEACTABISAIOT CO00II KaMeHMCThIe MW JIeOAHbIe Tejga Helrpa-
BUJIBHOU (DOPMBEI.

KOHTPO]’IbeIe BOMNpPOCbl N 3agaHnA

1. OxapakTtepusyiite ¢usnyeckue ycnosus Ha JlyHe. Yem oHM OTnMYalOTCA OT NPUBLIY-
HbIX HaM YC/ioBUM Ha 3emne?

2. Kakme petanu Ha JlyHe BMAHbI HEBOOPYXKEHHbIM [N1a30M, a Kakne — B Teneckon?

3. MNpviBeguTe NprMepbl Ha3BaHWIN HEKOTOPbIX JTYHHbIX KPaTepoB, MOpel 1 ropHbIX XpebToB.
4, MNoyemy obpaTHyto CTOpoHy JlyHbl yaanocb cooTorpadumpoBaTtb TONbKO Npu eé obné-
Te Ha KOCMMYecKom annaparte?

5. Yto coboin npeacTaBnseT NyHHbIA FpyHT? OTAMYaeTCA /i OH OT 3eMHOro?

6. OnuwmnTe BHyTpeHHee cTpoeHue JlyHbl. Kakum ob6pa3om OHO 6blio n3yyeHo?

7. Kakume runote3bl obpa3oBaHmA JlyHbl Bbl 3HaeTe?

8. HasoBute KpynHenwme cnyTHUKK nnaHeT ConHeyHom cmctembl. Pacckaxknte o HeKo-
TOPbIX XapaKTePHbIX OCOBEHHOCTAX KaXXJoro 13 HuX.

§ 16. KapnukoBble nnaHeTbl 1 Masnble Tena
ConHe4yHon cncTembl

1. Kapnukoebie nnaHetbl. B aBrycre 2006 r. Ha Accam0biee MexxgyHapon-
HOT'O aCTPOHOMMUUYECKOTr0 COI03a OBLIO IIPUHSATO HOBOE OIpeaesieHre IIaHeTbl 1
BIIEPBBIE BBEIEHO MOHATHE «KapJUKOBas ILIaHeTa». KapiMKOBBIMU ILIAHETAMM
CUMTAIOTCS 00BEKThI, Bpalllaoluecsa BOKPYT 3Be3[bl, NMEIOIe TUIPOCTATHI-
YeCKM PaBHOBeCHYIO (popmy (11apooOpasHyi0), HO He PACUMCTHUBIINE OJam3je-
JKalllee IPOCTPAHCTBO M He ABJIAIONINECS CIIyTHUKAMU OOJIBIIMNUX IIJIaHeT.

Ho asrycra 2006 r. ILoyron, otkpbiTeiil Kinatimom Tom6o B 1930 r., cuuras-
cda peBATon miaaHeTor CosrHeuHo# cucTeMbl. OTHAKO IO AUHAMUYECKUM U (hui-
3UUYECKUM XapaKTepPUCTUKAM OH CYIIeCTBEHHO OTJIMYAJICSA OT APYTUX IJIaHeT.
B 1978 r. y IlnyToHa OBLI OTKPBIT cOyTHUK — XapoH. Ero gmamerp cocras-
aser 1205 kKM, uyTh 00Jbllle TMOJOBUHBI nuameTrpa IlayToHa, a cOOTHOIIIEHME
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mMacc — 1 : 8. OgHM aACTPOHOMBI HPUUUNCIAJIN XapPOH K CIYTHUKAM, APYyTrHe
cuuTtaau cucremy ILinyron — XapoH ABOUMHOMN mjaHeToi. COrIacHO pelreHuio
Me:xkayHApOAHOTO aCTPOHOMHUYECKOTO COI03a OTJNYMEe ABOWHON ILIAHETHI OT
CHUCTeMBbI IIJTaHeTa — CIYyTHUK (Hampumep, Semiasa — JIyHa) KpoeTca B paciio-
JIOXKeHHUN OapuIleHTpa — OOIIero IeHTpa Macc. B mepBoM ciaydae sTOT IEHTP
HAXOJIUTCS B OTKPBITOM KOCMOCE, BO BTOPOM — BHYTPH OCHOBHOW ILJIAHETHI,
MMeIoIell CIIyTHUKH.

Crasio oueBUAHBIM, uTO IIIyTOH — ML OAMH M3 Hambojee KPYIHBIX
M3BECTHLIX A0 HACTOSINEro BpeMeHH 00heKToB modca Koiimepa, mpuuém mo
KpaiiHei#l Mepe oguH M3 O00BLEKTOB Iosica (Ipuzma) sABIseTcA 0ojiee KPYIHBIM
TesoM, ueM ILmyron (puc. 85).

IlnameTsl ¥ KapJIMKOBEIE ILIAHETHI — 9TO OBa PasHBLIX KJacca 00HLEeKTOB
Couareunoii cucrembl. Kpome ILnyToHa, KAPIUMKOBBIMHY ILJIAHETAMU CUMTAIOTCS
«OpIBIIUI» acTepoun Ilepepa, HaxomAluiica Mexxay opoutamu Mapca u FOmu-
Tepa, 1 00beKThI mosica Koiniepa — dpuna, Xyamea u Makemake. Ilo MmuHeHMIO
aCTPOHOMOB, B obJsiacTu mosica Koiinmepa HaxomaTca OeCATKU KapJINKOBBIX IIjIa-
HeT, momo0HBIX IInyTOHY, NX OOHapy:KeHNte JIUIIIL BOIIPOC BPeMEeHM!.

2. Actepoupbi. Bce apyrue o0beKTHI, KpoMe KapJNKOBBLIX ILJIaHeT, obpa-
miatomrecsa Bokpyr CoJHIIA M He ABJAMIOIINECa CIYTHUKAaMM, Ha3bIBAIOTCS
maJgeiMu Tedamu CosiHeuHoii cucTeMbl. K maHHOMY THUIIY OTHOCHUTCS 00JIb-
IIIWHCTBO acTepounoB mMexxay Mapcom u IOnutepom, a TakKe TPAaHCHEITYHO-
Bble 00beKTEI mmosica Koiimepa, KOMETHI 1 BCe OCTAJBbHBIE TeJIa, 00PaIIaIOII-
eca Bokpyr CouHIIa.

-

% ¢ - ¢

dpuga MnyToH Lepepa Xyamea Makemake

PucyHok 85 — CpaBHUTeNbHble pa3mepbl 3eMn U Kap/IKOBbIX NiaHeT
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ITocne 1801 r. me:xnay opouramum Mapca m IOnurepa Oblam oOHapy:Ke-
HBI KapJuKoBas IjaHera llepepa m MHOKeCTBO acTepoumoB. Acrepousn (Ma-
Jasa miaanera) — Masioe Tejio CoOTHeUHO# CHUCTeMBI, MMeIolllee HeIPaBUIbHYIO
dopmMy m Haxonsdllleecs Ha TeJIMOIeHTpuuecKoi opoure. K mHauamy XX B.
ObLI0 OOHapy:xeHO oKoJo 500 acTepommoB ¢ AumaMeTpaMK OT HECKOJbKUNX
IecATKOB KUJOMETPOB u OoJbIlle. B HacTodAIlee BpeMs KaTajor MIPOHyMe-
POBAHHBIX ACTEPOUAOB comepKuT 0osee 380 ThIC., & BCEIO OTKPBLITO OKOJIO
600 TBIC. OOBHEKTOB.

3HaunTteabHad dacThb (98 % ) acTepoumoB ABUIKETCS B IJIOCKOCTSX, OJIM3-
KUX K 9KJUOTHUKE, II0 OPpOUTaM C MaJIbIM SKCIIEHTPUCUTETOM, PacIojarasich
Me:xay opoutamu Mapca u IOmurepa Ha paccrosaum 2,2—4,5 a. e. ot Couniia.
Boxpyr CoJiHIla acTepouabl ABUKYTCA B Ty K€ CTOPOHY, UTO 1 OOJIbIIINE ILIa-
HeTbl. O0JacTh HmpocTpaHcTBa MexXAy opoutamu Mapca u IOmnurepa, rae Ha-
XOAUTCSA MOAABJAIOIIEe OOJBIITNHCTBO aCTePOUI0B, HasdbIBaeTCcsa [JIaBHBIM II0-
sICOM ACTEPOUIOB.

ITIo oxgHO#T M3 rUIOTE3 acTEePOUIbl IIPEACTABISIIOT cO00l OCTATKM HEKOr-
Ia CyIeCTBOBABIIIEr0 MHOXKeCTBa IIaHeredumMaieii. IIpomece popmupoBaHmus
UX B ILIAHETY OBIJ KOI'Ja-TO IIPUOCTAHOBJECH H3-3a BO3MYIIEHUHA CO CTOPOHBI
ObIcTpo BpaimamiIerocsa ruranta IOnutepa. B pesyiabTaTe sTOro o0bemumHe-
HIUe BeIlleCTBA CMEHWJIOCh Ha ApobieHue. BoaMmyIeHnusa MIaHeT-TUIaHTOB M3-
MEHAIT OPOUTHI aCTEPOUOOB, 3aCTABJIAA UX CTAJIKUBATHCA IPYT C APYTrOM,
c IJIaHeTaMu M ux cunyTHukamu. Ilo npyroil Bepcum mpejariojiaraeTcs, 4TO
acTepouabl BOBHUKJIN B Pe3yJbTaTe Pas3pyIIeHUsd I'MIIOTeTUUYECKON MJIaHeTH,
HaxogsAmieca mexkay Mapcom u FOnutepom.

B 1951 r. I:xepapa Koiimep mpeackasaj CyIlecTBOBaHIE II0sCa acTepo-
ugoB 3a opburoit Henryna. TeopeTuduecKn 5TOT IIOsC HOJIXKEH OBLITH pPacIiio-
JOXKeH Ha paccroaHum 35—50 a. e. or
Cosuma. Bo3sMo:KHO, 9TO OCTATOK IIep-
BOHAUAJLHON TYMaHHOCTH, M3 KOTOPOIl
chopmupoBasachk CosHeuHas cucTeMa.
CymMapHas mMacca Tesa mosca Koiimepa
COIIOCTABMMA C MACCO¥ 3eMJIu.

Brnepssbie coTorpadmposas moBepx-
HOCTBH aCTePOUIOB MEKIIJIAHETHBIN KOC-
Muueckuin ammapat «[ammmeo». Cie-
nya k IOmnurepy, oH cdoTorpadupoBa
acrepounabsl I'acupa u Uga co cryTHU- PucyHok 86 — Actepoup Upa
koM Haxktuas (puc. 86). CO CnyTHUKOM [lakTunb
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ITepByo MATKYIO IOCAAKy HA IMOBEPXHOCTH ACTEPOMAA COBEPIIMUJ KOCMU-
yeckuii annapatr NEAR 12 ¢espana 2001 r. Acrtepouns Ipoc oKasajacsa Ka-
MEHHCTBIM TEeJOM HeNpaBUJIbHOU (PopMBI ¢ pasmepaMu 33 X 13 X 13 KM u
mroTHOCTHI0 2700 Kr/M°, GIMBKOH K IJIOTHOCTH IIOPOJ 3eMHOH KOpbI. Ilo-
BEPXHOCTH acTepouja IMOKPHITA HBIJIBI0 M ycesdHa KpaTepaMH U BaJlyHaAMU
(mmameTrpom mo 100 m).

Ilpenmonaraercsa, uro B CoJHEUHOU cucTeMe Ha PACCTOAHWU, He Tpe-
Beimatorem 100 a. e., HaxogUTCA OKOJO 1 MJIH MAaJIBIX TeJl pasMepaMu [0
1 xM. OpOUTHI acTePOUA0B YBEJIUUUBAIOT CBOM sKcieHTpucuteT g0 0,8 m3-3a
IPaBUTAIIMOHHBIX CHJI CO CTOPOHBI IJIaHET-TUTaHTOB. Biarogapsa sToOMy HEKO-
TOPBIE aCTePOUIbl MPOHUKAIOT BHYTPL opbuT Mapca, 3emau u gaxe MepKy-
pus. Yucio acrepousioB, nMemIInx auameTrp 0ojee 1 KM 1 ImepeceKaroninx
opboutry 3emiu, oneunuBaerca B 6500 o0bekToB. Takue HeOecHLIE TeJaa MOTYT
CTaJKUBaThCcAa ¢ 3eMJIEN He perxe, ueM oguH pa3 B 20 muaH jger. CyIecTByer
He meHee 200 TwIc. acTepoumos ¢ momepeuHukom 100 m 1 6ojee, OPOUTHI KO-
TOPBIX MOTYT IIepeceKaTh opouTy 3eMju. BepoATHOCTL CTOJKHOBEHUSA C Ta-
KHM TeJioM — mpuMmepHo 1 pas B 5 ThIC. jeT, IIPpu 3TOM Ha 3emJje o0pasyer-
cd KpaTep ¢ IMOMEePeYHUKOM OKOJIO 1 KM.

29 saupapsa 2008 r. Ha onacHOo 01u3KOM paccToaHum oT 3emau (600 Teic. KM)
mpoJietesa acrepoun pasmepom 0,25 xm. Ilosromy B CIIIA, Poccuu u apyrux
cTpaHax co3maHbl CJy:KOBI IO CIEKEHHUIO 3a OMACHBIMU aCTepPOuIaMU, UTO-
ObI B cjaydae yrposbl 3eMJje IIPoBecTH PaboTy MO0 M3MEHEeHUI0 UX OPOUTHI UIu
YHUUTOKEHUIO.

ITepBoHaUabLHO acTepougaM AaBajau MMeHA MUQMOJOTUUECKUX OOTUHb, IO-
TOM IIPOCTO JKeHCKMe MMeHa. Korga McCcAaKau U OHU, aCTEPOUILI CTAJIU Ha3hI-
BaTh B UeCTb M3BECTHBLIX YUEHBIX, PA3/JIMUYHBLIX CTPaH U ropoaoB. Cpeau acTepo-
WJIOB €CTh TaKMe, Ha3BaHUSI KOTOPBIX CcBA3aHbI ¢ Pecrnybinukoii Bexapycsh, —
Munck, Beanopyccusi, Bpecr, Xartwiub, II1laraa, Butebek u ap.

3. Meteoputbl. B Me:XIIJIaHETHOM HPOCTPAHCTBE ABUIKETCS OT'POMHOE KO-
JIMYEeCTBO KaMEHHBIX M KeJIe3HBIX TeJl CAMBIX Pas3sHOOoOpas3HbLIX IO pasme-
pam, ¢opMe UM cOCTaBy. OTH TeJja MOJYUYUIU Ha3BaHWE METEOPUTHBIX TeJl.
Ilpu BTOp:KEeHUM TAKOro Teja B aTMochepy 3eMJH ¢ KOCMUYECKOU CKOPO-
CTBHIO B pe3yJbTaTe TPeHuA O BO3AYX OHO HaArpeBaeTCd, HAUMHAET ILJIaBUThL-
cAd U CBETUThCA — Ha Hebe MOABIAETCA APKUI OTHEHHBIN Iap. JTO AB-
JleHUe IOJy4YmJo HazBaHme OGoaupn (rped. bolidos — meraTesbHOE KOIIBE).
B HOuHOe Bpemsa GOUA APKO OCBEIAeT MECTHOCTb HA AECATKU U COTHU KMJIO-
MeTpoB BOKpyr. OueHb spKue 60JUAbI BUAHBI JajKe AHEM IIPU ITOJHOM COJIHEU-
HOM OCBEINeHWHN. 32 OTHEHHBIM IIIapOM BIOJIb €70 TPAeKTOPUU OCTAETCS CJIET,
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MIPEeACTaBISIONINI B CBOEM Hauajle CBeUeHMEe MOHU3WPOBAHHBIX MOJIEKYJ BO3-
IyXa W 3aKaHYMBAIOIIUICA CTPYAMH ObLIHU. IIBIIMHKKM — 5TO MPOAYKTHI pas-
pyIlleHns MEeTeOPUTHOTO Tejia BO BpeMs ero ABMIKeHUsS B aTMmocdepe, TaK Kak
IIPU IIOJIETE C OTPOMHOM CKOPOCTBIO TEJI0O HarpeBaeTcA A0 HECKOJIbKUX THICTU
rpagycoB. BellecTBO Ha ero IMOBEPXHOCTH HEIPEPHIBHO PACILIABJIAETCA U Ua-
CTUYHO WCIIAPsAeTCsS: HeEMEeIJIEHHO CPhIBAETCA ITOTOKAMM BO3AyXa M Pa30pPBLI3TH-
BaeTcA B BHUIe MeJabuadinux KamejeK. OHM UM COCTaBJIAIOT IILLIEBOH cJjen 6o-
aupa. Hapacraiolriee yIIoTHEeHNE BO3yXa CO3IaET BOKPYTI METEOPUTHOTO TeJja
ymapuyio BoHYy. OHa BHI3LIBAET TaKKe 3BYKOBbBIE ABJIEHUA, KAK I'POXOT U T'yJI.

VilesneBIinili OT MOJHOTO Pa3pPyIIeHUs OCTATOK METEOPUTHOTO Teja majaa-
€T Ha MOBEPXHOCTH 3eMJIU. ITO M €CTh MeTeOpUT. MeTeopuThl HmpeCcTaBIIA-
0T €000t ob6soMKU HebecHBIX Tes CosHeuHOI cucrteMmbl. Kak mpaBuiio, oHH
MMOJIYYaloT CBOM HA3BaHUS II0 OJIMIKANIIIEMY K MECTY IIaJeHusA HACEJIEHHOMY
MIYHKTY WK TeorpauuecKoMy OOBeKTY.

MeTeopuTHOe TeJ0, UMeIoIllee OTPOMHYI0 HAaUaJIbHYIO0 MacCy B AECATKH U
COTHU THICAY TOHH, MPOXOIUT BCIO TOJIITY aTMOc(ephl, COXPaHII KoCMUUe-
CKYIO CKODOCTh B HECKOJIbKO KMJIOMETPOB B CeKyHAy. B pesyabrarTe ymapa
IIPOMCXOIUT B3PHLIB, HA MecTe yaapa obpasyeTcsa METEOPUTHBIN KpaTep, KO-
TOPBIA MOJKET MMeTh pasMephbl OT HeCKOJbKHX MeTpoB mo 100 xm. Hawmbo-
Jee msBecTeH ApusoHckuil kparep guamerpom 1200 m, rayounoit 180 M u
BbICOTOI Bajsa oxkoJo 50 M (puc. 87). Bosmo:kHO, oH mosaBuica 30 ThvIC. JeT
Hasanx. KpaTepsl 60JbIIIOTO pasMepa (XOPOIIo COXPAaHUBINHECA Ha MOBEPXHO-
ctu JIyusr) Ha 3emiye o0HADPYKUTH CJIOKHO. OHU OBICTPO PA3PYIIAIOTCS IIOM
BO3/IeliCTBHEM BO3[yXa, BOAbLI, BETPa, PACTUTEILHOCTH, 3AHOCATCSA CJIOEM IIe-
CKa U IpyHTa. YUEHbIE C IIOMOIIbI0 KOCMUUECKUX CHIMKOB HAYUYMJINCh HAXO-
IUTHh ApeBHUE METeOpPUTHLIe KpaTephl Ha 3emie. Ceronmsa odHapy:keHO Oojee
150 acTtpobiaeM — «3BE3OHBLIX paH», KaK UX 00pas3HO HA3LIBAIOT yUYEHBIE.
Ha reppuropuu Bemnapycu K acTpobiemam
oTHOCAT Jlorolickyio BmaamHy. uamerp
aToro apeBHero Kpatepa 17 km. Ou pacrmo-
JoxKeH B 6—8 KM ceBepo-samagHee Topona
Jloroiicka MuHCcKoO# obiacTu.

Bce meTeopuTs IO cOCTaBYy HOAPA3IEIA-
IOTCA Ha TPU OCHOBHBIX KJiacca: KaMeHHBbIe,
JKeJie30-KaMeHHBIEe U JKeJIe3HBIE.

KamenHble MeTeOpUTHI OJU3KH IIO CO-
CTaBY K 3€MHBIM T'OPHBIM IIOPOJaM: COAEp- PucyHoK 87 — MeTeopUTHbIi
JKaT OKCUIBI )Kejie3a, KpeMHUudA, MarHud. Kpatep B Apu3soHe (CLLA)
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OkoJs0o 85 % KaMeHHBIX METEOPHUTOB COJepP:KaT XOHAPHI — chepuuecKue ua-
CTUITHI PABMEPOM OT MUKPOCKOIMYECKUX 36PEeH 0 TOPOINUHLI. Takue KaMeH-
HbIe METEOPUTHI HAa3bIBAIOTCA XOHAPUTAMM, OCTAJIbHLIE — aXOHIPHUTAMM.

Campiii KpynHBIZT MeTeopuT HaikgeH B 1920 r. 6au3 Hacel€HHOTO IIyH-
Kra I'oba B IOro-3amaguoit Appure. ITo KeJe3HBIII METEOPUT MACCOM OKOJIO
60 T. OgHako TaKkMe KpyIHLIe Teja mamaioT penko. Ha reppuropuu Pecmy-
omuku Bemapych HalfeHo IIeCTh KPYIHBIX METEOPUTOB: HampuMmep, B 1954 r.
sKesesHbIil MeTeopuT Maccoit 300 kr Haiimen y mepeBHU I'peck Cayikoro paii-
oHa MuHCKO# o0sacTu. Kak mpaBmio, Macchl GOJIBIIINHCTBA METEOPUTOB KO-
JIeOJII0OTCA OT COTEH I'PaMMOB 0 HECKOJbKUX KHUJIOIPaMMOB.

4, Kometbl. O KOMeTax, «XBOCTATBLIX 3BE3MaxX», OBLIO M3BECTHO C JAaBHUX
BpeMéH. IlepBble KmTaliCKue 3alMCU O KOMETAaX OTHOCATCA K TPEThEeMY ThI-
cAdYesieTHIo a0 Haireii 9pbl. Bgaau or CosHIla KOMeTa BBITJISAUT CIa0BIM TY-
MaHHBIM 00BbeKTOM. Ilo mMepe mpubnm:xenusa K CoJHITY OHA CTAHOBUTCS fAP-
ye, yBeJIUUHBaeTCA B pasMepax, y Heé IIOSABJIAETCS XBOCT, HAIpPaBJIEHHBIN
B IIPOTHUBOMHOJIOKHYI0 oT CoJiHIla cTOpOHY. Heo)kugaHHOe IIOSABIECHUE APKOU
KOMeTHI, HapyIlaiolneil HeO0eCHYI0 TapMOHUIO, BCErla IPUBJIEKAJIO BHUMAaHUeE
Jofeli 1 BHYIIIAJIO UM CyeBepHBIHA y:kac. Ko-
MeTa CUMTaJIach IPEIBECTHUIIEH BOUH, BIIU-
IeMuii m Ipyrux HecuacTuil (puc. 88).

3a ucTopuio UeJOBeUeCTBa y:Ke HalJrona-
Jock okoJio 3500 KomeTr. 3aperucTpupoOBaHbBI
B Karajorax okosio 1000 Takmx o00BEKTOB
U ompenesJeHbl dJeMeHThl ux opbur. Ilou-
T BCe KOMETHI ABUIKYTCSA II0 BLITAHYTBHIM
opbuTtaM C OOJBIIUM SKCIEHTPUCUTETOM,
OM3KUM K egumHHUIle. KomMeTrsl mompasesis-
IOTCSI Ha KOPOTKOIlepUoauYecKue (C mepuo-
nom obpareHuss Mmeubirne 200 Jier) u m0JTO-
nepuoguueckue. I[lepByio mepuoguuecKyio
KOMeTYy O0OHapyKMJI aHTJIUHACKHN acTPOHOM
‘ Anvyun Tammeit. OH BhIUMCANI OopOUTHI 24
e e APKUX KOMeT. AHAJIU3UPYS CBOH KOMETHBIH
Nfoe wantra o snniteti oopens . .o

KaraJior, ['anmeil 3aMeTHJI CXOACTBO dJeMeH-

PucyHok 88 — [lpeBHss rpasiopa, TOB opOuT xomer 1531, 1607 u 1682 rr. u
paccKasbiBaloLas o NoABNEHUN MPEAIIONOMKNI, UTO ITO IIOCJEeJ0BATEJIbHOE
KomeTbl B CMOMieHcKe BO3BpallleHre OJTHOM U TOU Ke KOMETHI,
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KOTOopas IBUYKETCA [0 CUJbHO BBITAHYTON
DJIUITUUYECKOH OopOuTEe C IMEePUOAOM IIOUTH
76 jer. B moJIHOM COOTBETCTBUU C IIpeAcKa-
sanueM [annes eé oOHapy:xkuau B 1758 r.
3a 9Tolf KOMeTOIi 3aKPeInjIoCh Ha3BaHme «KO-
mera annes» (puc. 89). OHa mBUMKeTCS MO
opbuTe ¢ OoJbIleii mosayockio a = 17,94 a. e.
B HaIpaBJEeHUU, IIPOTUBOIMIOJIOKHOM IBUIKE-
HUIO 3eMJIH. PucyHok 89 — KomeTa lannes.
B cTpoeHm KOMETHI BBIAEIISIOTCS CJICTYTOITIIe 1985 r.
COCTaBHEBIE DJIEMEHTBI: AP0, r0JIOBA U XBOCT.

Aapo xoMeTsl — 5TO HeOOJIBIIIOE TBEPAOE JIeAAHOE TeJ0, BKJIIYAIOIIee Ty-
roILIaBKUE YaCTUUYKM W opraHuveckue coexmuenus. Jlo 80 % sgpa KoMeTsl
COCTOUT M3 BOASHOIO JIbJla, 4 TaKiKe M3 3aMEpPS3IIIero yrieKHcJIoro rasa, yrap-
HOI'0 I'a3a, MeTaHa, aMMHAKA M BKPAILIEHHBIX B JIEJ METAJJINUYECKNX YACTHIIL.
EcTh B KOMeTHBIX JbJax 1 6oJiee CJIOKHBIE BeIlleCTBa, BILJIOTH 1O aMHUHOKMC-
Jgot. ITo pesyabTaTam MCCIeLOBAHUM, BLIIOJHEHHBIX KOCMUYECKIMI alliapa-
TaMu, aapo KoMmersl I'annesa (puc. 90) mpexacraBaseTr co60ll MOHOJIUTHOE Te-
JI0 HeIIpaBUJIBHOM (opMbl pasMepamMu 16 x 8 kM, maccoit 3 - 10 kr u masoit
ILJIOTHOCTBIO Topanka 600 xr/ M2,

IIpu mpubmmxenuu K CoJHITY, HA paccTo-
STHUM HECKOJBbKUX aCTPOHOMUYECKUX eIUHUIIL,
y KoMeThbl oOpasyeTcsa rosoBa. OHa BO3HHUKA-
eT B pesyJbTaTe Harpesa fAnpa, HCIAPEHUA U
BBIIEJICHUS C €0 MMOBEPXHOCTHU I'a30B U IIBLLIH.
BupguMble momepeuHUKU T'OJIOB KOMET C IIPH-
6ixerreM K COJIHILY ZOCTHTAoT pasMepos 10%—
10% kM. Ilox meiicTBMEM HABJIEHUS COJHEUHO-
ro WM3JYYeHUWs Ha Tasbl, OKPYKAIOIINUe T0JO-
BY KOMETEI, 00pa3yeTcsa XBOCT. XBOCTHI IPKUX
KOMET TAHYTCS HA COTHM MUJIIMOHOB KUJIO-
meTpoB. Hampumep, XBoCT KOMeTbI XUSIKYyTa-
K1 HaOmogajsca pacTaHyThIM Ha 300 MaIH KM.
KoHIenTpariusa 4acTUIl B XBOCTaX KOMET OUeHb
HUBKAas, €€ MOXKHO CPaBHUTH C MEKILJIaHEeTHOMN

cpemoi. PucyHok 90 — ®otorpadus
B zaBucumocTu OT cBoeil (pOpMBI KOMET- Aapa Kometbl lannes,
Hble XBOCTHI IIOJIPa3feIAI0TCA Ha HECKOJBLKO nonyyeHHas KOCMUYECKUM

munos: annapaTtom «[>KoTTo»
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1. XBocT ob6pasyeTcs IMPU YCKOPEHUU COJTHEUYHBIM BETPOM KOMETHBIX KO-
HOB U HaIpaBJIeH B CTOPOHY, IPOTUBOIOJIOKHYI0 COJIHITY.

2. XBOCT HECKOJIbKO M30THYT, COCTOUT W3 HBIINHOK, UMEIOITNX PasMep OT
JoJiel IO JecsiTKOB MHKPOMETPOB.

3. XBocCT, cocTOAITUHA 13 00Jee KPYIHOMN IbLIN, CUJIBHO U30THYT IO BO3-
JefcTBMEeM MarHUTHOTO IIOJIA.

4. «AHTUXBOCT» — BBIOPOC M3 TOJIOBLI KOMETHI HAIIPABJEH MPAMO K
CouHiry.

Kaxmgoe BosBparmieHue koMmeTbl K COJTHITY He IIPOXOAUT OecciemHo. Aapo

KOMETHBI TepsdaeT OKO0JIO CBOEM MaccChl. HOSTOMy, HaIIpumep, BpeMda Cy-

IecTBOBaHUSA KoMeThl ['anies omeHuBaerca B 20 Toic. JgeT. Ho KoMeTBI MO-
T'yT CYIIeCTBOBATh I MEHbIIIe BpeMeH!, TaK KaK OHU IIOABEPraloTCs paspylie-
HUAM BCJEACTBHE BHYTPEHHUX HANPAKEHUI, BOSHUKAIOIINX K3-3a Harpesa
nx CoJIHIIeM WKW IPUINBHOrO BosaelicTBus COJIHIIA ¥ IJIaHET-TUTAaHTOB. I1o-
rubaioT KOMEThl TaK:ke mpu magenuu Ha CoJiHIlE, CTOJKHOBEHUU C IIJIaHe-
TaMMU WM METEOPUTHBLIMHU TejlaMHu. J[OKyMeHTaJIbHO 3aperucTPpUpOBaHO Oojee
30 KoMeT, pacmaBIIUXCA HA OTAeJbHbIe KOMIOHEHTHI Ha Ijasax HabJamogaTe-
aent. Tak, B 1992 r. komera IllymeiikepoB — JleBu c6musuiaacek ¢ IOnurepom
u pasapodbuiiack Ha 22 ockoaka. Coyers aBa roga, oooruys mo opourte Omu-
Tep, OCKOJIKK yHalu B aTMoc(epy ILIaHeThl co cKopocThio 60 Km/c (puc. 91).

PucyHok 91 — lMNapeHne ockonkoB KomeTbl LLlymeiikepoB — JleBu Ha lOnutep
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B pesyibTaTe BOSHUKJIN I'MIMAHTCKNME BUX-
peBbie TEMHBIE O0pAa30BAHNS, CPABHUMBIE
mo pasmepaM ¢ pasmepamu 3emuu. Cyie-
CTBYET Y BEPOSATHOCTb CTOJKHOBEHUS SILEP
KoMeT ¢ 3eMJIEH.

5. MeTeopbl 1 meTeopHble noTtoku. Ilpu
IBU:KeHUu BOKpyr CoJiHITa KOMETHI pac-
nagaoTcsa. BIoab mxX opOUT BBITATUBAIOT-
ca maeiidbl IbIIN, KOTOPble MOTYT Iiepe-
ceKaTh 3eMHYIO0 opbutry. YacTuuka, BXoAsd
C KOCMHUYECKOH CKOPOCTHbI0O B aTMochepy
3emisn, cropaer u o0pasyeT CBeTAIUICA PucyHok 92 — Kpkuit meTeop
cjaeq. ITO ABJIeHUE Ha3bIBAETCA METeOpPOM
(puc. 92). Cama yacTuUKa B 9TOM CJIy4ae HAa3bIBAETCSI METEOPHBIM TEJIOM.

PasMmepbl MeTEOPHBIX TeJI, BBIZBIBAIOIINX SIBJICHLE METeopa, HaXOAATCSI B
mpeaeiax OT HEeCKOJbKMX MUKPOH 0 HeCKOJbKUX CAHTUMETPOB (HAIOT OUEeHb
spKoe cBeueHue). IIo HEKOTOPHIM OIlEHKaM IIPUTOK METEOPHOT'O BeIllecTBa Ha
3emiio cocrasiisieT okoJio 50 TeIC. T B I'of.

Oxromno 1 % MeTeOpHBIX Tes, BCTpeUalomiuxcsa ¢ 3eMJéli, IpuJIeTaeT U3
Me:K3BE3THOTO IIPOCTpaHcTBa. MeTeopHbIe Tejla BTOPralOTCA B 3eMHYIO aTMO-
cdepy co cxopocThio oT 11 1o 72 KM/c, BcTpeduas HA CBOEM IIYTU CUJIbHOE U
OLICTPO HapacTalolllee COIIPOTHUBJICHNE BO3ayXa. IIoBepXHOCTh METEOPHOTO Te-
Jia pa30rpeBaeTcs 0 HECKOJBKMX THICAY I'DALyCOB U IIPEBPAIlaeTCs B PacKa-
JEHHBINA Ta3, KOTOPBIA MOHU3SUPYET OKPYIKAIOIIe MOJEeKYJIbl Bo3ayxa. B pe-
3yJbTaTe Yero HabJofaTeb Ha 3eMJe BUIUT CBETAIUNCA OTHeHHBINA CJIe.

CBeuenne MeTeopa HauMHaeTcs Ha BbicoTe 120 KM 1 mMcue3aeT Ha BHICOTE
60—80 KM OT mOBEpPXHOCTU 3EMJIH, KOTJA TEJIO IIOJHOCTHIO UCIIAPUTCA B 3€M-
HOIl aTMocdepe. Bechb MOJIET METEOPHOTO Teja IJUTCA OT AECATHIX JOJEH IO
HECKOJIbKUX CeKYHI. Bpems HaOI0AeHUA SBJIEHUA METEOpa 3aBUCUT OT CKO-
POCTU METEeOpPHOTO TeJa.

CBolicTBa U HPUPOAY METEOPHOTO BeIlleCTBa IMOMOTAIOT M3yUYaTh BU3YyaJb-
HbIe, (hoTorpaduyuecKue, CIeKTPaIbHbIe U PASUOJOKAIMOHHbIE HAOIIOneHN .
Wccnemopanus mokasajiv, YTO BeCh KOMILJIEKC METEOPHOT'0 BeIllecTBa II0pas-
IeJsgeTcA Ha caydyadHble (CIopaguyecKre) MeTeoOpHbIe TeJa U MeTeOPHbIe Ua-
CTHUIILI, IPUHAIIEKAIIIEe K METEOPHBIM POSM.

MeTeophbl, TTOABJISIOIINECS B OIIPeeJIEHHOEe BPeMA rofia 1 Mafaroliue AecaT-
KaMHu B Uac, IPUHAIIEKAT METEOPHBIM IMOTOKAM, MU «3BE3THBIM TOMKIAM>» .
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PricyHok 93 — PaguaHT MeTeopHOro nortoka

MeTeopHbIe TOTOKM HaOJIIOAAIOTCA, KOTaa 3eMJs IepeceKaeT opouTy MeTeop-
HOTO Posi. BuamMble ITyTH METEOPOB OMHOTO IIOTOKA, CIIPOEKTHUPOBAHHBIE Ha
HebecHYI0 cdepy U MPOAOJIKEHHbIEe B 00PaTHOM HAaIIpaBJIEHUM, IIePeCeKaroTCa
B OZHOU oOJsacTu Ha HeOe, HasdbiBaeMoil pagumaHToM (puc. 93).

MeTeopHBII TOTOK HOCUT MMS TOTO CO3BE3AMA, B KOTOPOM HAXOAWTCS pa-

PucyHok 94 — «3BE3OHbIN [OXKAbY
JleoHnppl. paBiopa. 1833 r.

nuaHT, HanpuMmep lpakoruabl, OpUOHUABI U
ap. Cpenu MeTeOPHBIX IIOTOKOB BCTPEUAIOT-
csA TaKkue, MHTEHCHUBHOCTh KOTOPBIX U3 rofa
B I'OJl He MeHsdeTcsd. JTO 3HAUUT, UTO MeTe-
OpHBIe YaCTUYKHU pacIIpeesieHbl IIOUTH paB-
HOMEPHO BIOJEL opOuThI pod. Hamboaee mus-
BECTHBIM TAKUM IIOTOKOM SIBJISIETCSA «IIOTOK
Ilepcenani», HaOMIOZAIOIUICA €KeTOJHO B
aBrycte. OpbuTa 3TOTO POSI COBIIAJAEeT C Op-
ouroii xomeTsl 1862 III. Ogun pa3 B 33 roga
HAO0JII0JaI0TCSA MEeTEeOPHEBIE MOMKIN C paguaH-
TOM B co3Be3auu JIbBa, Korga 3eMJs BCTpe-
YaeTcs ¢ caMOM IIJIOTHOI YacThIO POsi. ITOT
poii BHI3BIBAeT MeTeOPHBIN NMOTOK JleoHu-
Ioel (puc. 94), Habarogaromuiica B cepeguHe
HOsA0paA. OpOuTa JAaHHOTO METEOPHOTO PO
MIpaKTUYECKU COBHamaeT ¢ OpOuUTONl Kome-
Tl 1866 I. Takum oOpasom, TOUHO yCTAHOB-
JIEHO POJICTBO METEOPHLIX POEB C KOMETaMMU.
Kowmera, paspyiiasich, MOPOMKIAaeT MeTeop-
HBIA pOM.
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@ I'raBHBIE BHIBOOBI

1. KapiukoBas miaHeTa — O0BEKT IIapooOpa3Hoil (GOPMBI, OBUIKY-

IUHACA II0 TeINOIEHTPUUECKON OpOuTe, HO He PACUMCTHUBIINKA OJIM3JIe-
sKalee IPOCTPAHCTBO.

2. Tena CoHeUHOU cHUCTeMBI, oOparaoIecss BOKpyr CoiHila 1 He

ABJIAINKECA IIJIaHETaMM, KAapPJHMKOBBIMMU IIJIaHETaAMHN N MX CIIYTHHUKA-
MMH, Ha3bIBAIOTCA MaJIBIMM TeJIaMU.

3. K manbim Temam CoOJIHEUHO# CHUCTEMBI OTHOCSTCS: aCTePOUIBI

(MaJII:Ie l'IJIaHeTI:I), MeTeOPpHBbIE€ 1 METEOPUTHBIE TeJia, KOMETHI.

4. AcTepougHO-KOMETHAA OMACHOCTh — BEPOATHOCTH CTOJKHOBEHUS

3eMJIi ¢ KOMETHBIM SITPOM HJIM ACTEPOUAOM, KOTOPOEe MOXKET IIPUBECTU
K KaTacTpoUUECKUM IIOCJIECTBUIM.

@

KoHTponbHble BONpocbl 1 3aaHuA

1. Y10 NOHUMaIOT NOg KapnMKOBOW NiaHeTon? Kakune KapnnKoBble NaHeTbl Bbl 3HaeTe?
2. PacckaxuTe, Kakue HebecHble 06KeKTbl Ha3bIBalOT MasibIM/ Tenamu.

3. Nouemy y acteponoB HeT atmocdhep?

4. KakoBa CBA3b KOMET C MeTeopamu 1 actepoungamm?

5. CyuwlecTByeT M ONAaCHOCTb CTOJIKHOBEHUA 3emnn C actepomaom?

6. OxapaKTepu3ymnTe CMbICI NOHATUN «MeTeopP», KMeTeopPUT», «bonng».

7. KakoBa npupopa NponcxXoXaeHna «3BE3HbIX [OXKAeN»?

8. Y10 Takoe paguaHT MeTeopHOro notoka?



Paspen V

METOAbl MCCZIEAOBAHUA
HEBECHDbIX TEJI

§ 17. UccnepoBaHne 3N1eKTPOMarHUTHOro n3ny4vyeHnsa
HebecHbIX Ten

1. dneKkTpomMarHuTHoe msnyyeHue. B ucciaemoBauuy mpuponbl HeGeCHBIX
TeJl 6OJIbIIIOe BHUMAHIE YAeJIeTCA U3YUYeHUI0 UX dJIEKTPOMAaTrHUTHOI'O U3JIY-
uyenus. HebecHble Tejla B 3aBHCHUMOCTH OT CBOEro (PpM3UUECKOr0 COCTOSHUS
HM3JIyYalOT SJIEKTPOMArHUTHBIE BOJHBI PA3JIUYHON IJIUHBI.

B BakyyMe 5/JI€KTPOMArHUTHBIE BOJIHBI BCErJa PACIPOCTPAHSAIOTCA C OLH-
HaKOBOIl IJIg BCeX BUIOB M3JIYUEHHUA CKOPOCTBLIO ¢ = 3 ° 108 M/c. BaxxHBIM
CBOMCTBOM 3JIEKTPOMATHUTHOI'O M3JIYUYEHUS SABJISIETCA TO, UTO CKOPOCTH €ro
pacupocTpaHeHUsa He 3aBUCUT HU OT JJIUHBLI BOJHBI, HM OT CKOPOCTHU JBUMKE-
HUS UCTOUYHUKA. BOMHBI XapaKTepU3yITcA YacToToli (v) u guauHoii (1), Mex-
Iy KOTOPBLIMIU CYIIIECTBYET 3aBUCHUMOCTD:

cC=0"A\

JJIEeKTPOMArHUTHBIE BOJHBI, MMEIOIME PAa3HYI0 JJIWHY BOJHBI, B3aWMO-
JeMICTBYIOT C BeIlllecTBOM IO-pasHOMY. COOTBETCTBEHHO METOJBI HCCJIELOBA-
HUSA 3J€KTPOMArHUTHOTO U3JIYUEHUS OTIUYAIOTCA. B CBABM C 9TUM JJIEK-
TPOMArHUTHOE WM3JyUYeHUe YCJIOBHO AEJUTCA Ha HECKOJHKO AUATA30HOB
(raba. 12).
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Ta6auua 12 — /{lnana3oHbI 3JIeKTPOMATHUTHOTO U3JIyYEeHUS

Jduana3oHsl JINHA BOJHBI, A
PanuoBoubl Boasiie 1 mm
WNudppakpacHbie aydu Ot 760 um 10 1 MM
Bugumebie ayun Ot 390 mo 760 M
YabTpaduroaeToBbie IyUn Ot 10 mo 390 uM
PenTrenosckue gyun Ot 0,01 go 10 uMm
Tamma-nyun Memubire 0,01 am

Wznyuenue ¢ gamuoi BoJHBI oT 390 mo 760 M uegoBeUeCcKHUIi Ijas BOC-
IIPUHUMAET KaK CBET, IPUUYEM PA3HBIM AJMHAM BOJH COOTBETCTBYIOT PasHEIE
nBeTa (0T (PpHOJIETOBOroO A0 KpacHoro). s obHapys:KeHUsT U3JIyIYeHUsd B APY-
ruX AuanasoHax TPeOyIoTCs cIellualbHble IPUOOPHI.

B s3aBucuMOCTH OT CBOEro (pm3m4YecKOr'0 COCTOAHUS OJHUN HeOeCcHBbIEe Teja
M3JIyYaloT S9HEePrUi0 B Y3KUX MHTEPBAJIAX YaCTOT CHEKTPA 9JIeKTPOMATHUTHBIX
BOJIH (HAIIpUMep, CBETJIbie Ira30Bble TYMaHHOCTH), APYTHUe — BO BCEM ero Iu-
ammasoHe: OT TaMMa-Jaydeil 10 PagroBOJH BKJIIOUNTEJIbHO (HaIpUMeEp, 3BE3ILI).
Wsyuenne GpusmuecKoil IpUpoabl HEOECHBIX TeJl B IMINPOKOM AUAIIa30HE DJIeK-
TPOMATHUTHOTO M3JIyUYeHUA MPUBEJIO K IMOABJIEHUIO B HAYKe TaKUX PasieJioB,
KaK raMMa-aCTPOHOMMS, PEHTI'€HOBCKAs aCTPOHOMUA, NH(PPAKPACHASI acTPO-
HOMMUS, PASNOACTPOHOMUS U OP.

MsyueHne 5JIeKTPOMArHUTHBIX BOJH, MCIYCKAE€MbBIX HeOECHBIMH TeJIaMMU,
3aTPyAHAETCA M3-3a TOro, 4To aTMmMocdepa 3eMJIH MPOIYyCKAET HU3JIyUeHHEe
JUIIL B ONPeNeJEHHBIX Auanasonax IauH BoJaH: oT 300 mo 1000 uM, ot 1 cm
o 20 M 1 B HECKOJIBKUX «OKHaX» MH(ppaKpacHoro numanaszoHa (puc. 95). Us-
Jy4eHue, TOXOAAllNee A0 IIOBEPXHOCTH 3eMJIN, UCCIEAYIOT C IIOMOIILIO OIITH-
YeCKUX TEeJeCKOIOB (BUAUMBIN CBET) M PaArOTeJIeCKOIIOB.

CuibHee Bcero armocdepa morJjolnaeT KOPOTKOBOJIHOBYIO 00JIACTE JUAara-
30HA 3JIEKTPOMATHUTHOTO U3JIYUEHU: YIbTPA(PMOIeTOBbIe, PEHTT€HOBCKUE U
raMmma-iryunu. HabaogeHusda B 9THUX AUaNa3oHaX BO3MOMKHBI TOJLKO C IIOMO-
b0 TPHOOPOB, MOAHATEIX Ha OOJBIINYI0 BREICOTY (Ha caMoJE€TaxX MIN 30HIAX),
J1r00 YCTAHOBJIEHHBIX HA MEKILIAHETHBIX KOCMUYECKUX CTAHIIUAX, KOMILICK-
cax (puc. 96), HCKYCCTBeHHBIX CITYTHUKAX 3eMJH U paKeTax.

2. Teneckornbl 1 Ux xapaktepuctuku. IzyuaTts najéxue HeZOCTUKUMbIe He-
O0ecHble 00HEKTHI MOYKHO OJHUM CIIOCOO0OM — cOOpaB U IIPOAHAIU3UPOBAB UX
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Famma- PeHTreHoBckue YnbTpa- Bugumbiii UHdppakpacHble PagunoBoOsHbI

nyun nyuum duonetoBble  cBeT nyumn
nyuum
y MuKpOBOJHbI
BepxHaAsA rpaHuua A
aTMocdepbi BoasHoi nap
MOrMOLAET OCHOBHYIO PaguoBonHbl
yacTb MHGPaKpacHOro 7
PeHTreHOBCKME 1 ramMa-nyyu I/I3J1$EI,QHEFI OK%’LVAH% M
NorNaLlLaoTCA BEPXHUMN CII0AMM .
aTMoChepbi NpoxoaAT Ciown
atMocoepbl
O30HoBbIN ciort ~ O30HOBLIN CNON
MOrNOLLIAeT OCHOBHYIO
YyacTb ynbTpaduroneta
Bruaumblii cBET NpoxoauT CKBO3b aTMmocdhepy, KopoTkue
HO YacTb gro paccemsaegcg, oKpalumBas PaAVOBONHbI
HebocBog B rony6on LBeT 3a7epKMBaIOTCA

B aTMochepe
PucyHok 95 — PacnpocTpaHeHue nsnyyeHusa He6ecHbIX Ten B aTmocpepe 3emnu

ussgydeHue. JJIsT 9TOH IeJW U CIY:KAT TeJIeCKOIIbl. IIpu BCEM CBOEM MHOTO-
00pasuu TeJeCKOIIbl, IPUHUMAIINe 9JeKTPOMAarHuTHOe u3JydyeHue, pera-
IOT ABe OCHOBHBIE 3a/laum:

1) cobpaTh OT MccaeayeMoro o0beKTa KaK MOYKHO 0OJIBINIe SHePTruu U3Jy-
YeHUA OMPEAeIEHHOTO AUATIa30Ha 9JIeKTPOMATrHUTHBIX BOJIH;

2) co3maTh IO BO3MOJKHOCTH HauU-
0oJlee pe3Koe ma3oOpakeHme 0O0BEK-
Ta, 4TOOBI MOKHO OBLJIO BBILEJIUTDL H3-
JydeHUE OT OTJeJIbHBIX ero ToYeK, a
TaKKe U3MEePUTHh YIJIOBEIE PACCTOAHUS
MeXKIy HUMHU.

B zaBuCcuUMOCTH OT KOHCTPYKTUB-
HBIX OCOOEHHOCTEeIl OIITHYECKUX CXeM
TEeJIECKOITBI AeJATCA Ha JIMH30BbIE CHU-
cTeMbl — pedpPaKTOPHI; 3ePKaJbHBIE
cucTeMbl — pedIeKTOPhI; CMeITaHHbIe
3epKaJIbHO-JINHB0BbIE CUCTEMBI, K KOTO-
PucyHok 96 — MexagyHapogHas prIM oTHOCATCA Tejaeckonbl B. IImuz-

KoCMunyecKas CTaHuunA ra, I1. II. MakcyToBa u 1p.
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Teneckon-pedpakTop B OCHOBHOM WHC-
MMOJIb3yeTCsA JJIs BU3YAJIbHBIX HaOJII0MeHnit
(puc. 97). OH uMeeT O0BLEKTUB U OKYJISD.
Huamerp 00BHeKTHBOB pedpaKkTOpPOB orpa-
HUYEH u3-3a TPYAHOCTEH OTJIUBKH KPYII- Ninnza
HEIX OJHODOTHBIX GJIOKOB ONTHUecKoro COPEKTUBA
CTeKJIa, UX IIPOTruOOB U CBETOIOIJIOIIe-
Husg. Haumbonbmuii gumamMeTrp o0beKTHBA
TeJiecKoIla-pepaKTopa, IPUMEHAEMOT0 B
HacTodAee BpeMa, — 102 cm (Mepkckasa
obcepBaTopus, CIITA). HemocraTkamMu Ta-
KOTO THIIA TEeJEeCKOIIOB CUMTAIOTCS MX 3HA-
yuTeJbHASA IJIMHA U UCKasKeHue nsobpaskenus. i yCcTpaHeHUs ONTUYECKUX
UCKaYKeHU MCHOJb3YIOT MHOTOJMH30BbIe 00 HEeKTUBEI C IIPOCBETIEHHON OIITH-
kKoii. Temeckon, coBMeNIEHHBINA ¢ (DOTOKaAMepPOi, Ha3bIBAIlOT acTporpadom.
Actporpad mo cyTu mpeacTaBiseT co00i 00JbIION (oToammapar: B (OKaIb-
HO¥ MJIOCKOCTHU ero yCcTaHaBJIMBAeTCA KacceTa ¢ ()OTOILIACTUHKOIM.

Texeckomn-pedieKTop UMeeT 3epKaJbHBIN 00beKTUB. B mpocreiimnem ped-
JeKTope O0BLEeKTHUB — 3TO OJNHOUHOE, OOBIUHO mapaboimuecKoe 3epKaJio; 130-
OpaskeHMe mOJIyd4aeTcAa B ero riiaBHOM (oKyce.

ITo cpaBHeHUIO ¢ pedpakTopaMU COBPEMEHHBIE TeJeCKOIIbI-pe()IeKTOPEI
MMeIOT HaMHOT'0 6oJibIline 00'beKTUBEI. B pedieKTopax ¢ AraMeTpPOM 3epKaja
cBhbImIe 2,5 M B IJIaBHOM (pOKyce MHOTA YCTAHABIMBAIOT KaOWHY AJIs HaOJIIO0-
marensd. C yBeanueHHeM Pa3MEPOB 3epKaja B TAKUX TeJIEeCKOIaX IPUXOIUT-
cA MTPUMEHSATH CHelnaJIbHbIe CHCTEMBI PasTPY3KU 3epKaJl, NCKJIUAIOIINe UX
Iedopmanuu 13-3a COOCTBEHHOM MAaccChl, a TaK:Ke IPUHUMATL Mephbl AJIA IIpe-
IOTBpAIlleHUs UX TeMIlepaTypHBIX medopmariuii. Coopy:xeHne KPYIHBIX ped-
JEeKTOPOB (¢ JuaMeTpPOM IeJbHOTO 3epKayia 4—06 M) COIpPAKEHO ¢ OOJIBITIMU
TeXHUUYECKUMU TPYyAHOCTAMU. IlosaToMy paspabaThIBAlOTCA KOHCTPYKIIUU C
COCTABHBIMHU MO3AWUYHBIMU 3€pKajJaMM’, OTAeJbHbIe dJIEMEHTHI KOTOPBIX Tpe-
OYIOT TOUHOI HACTPOMKU C IOMOIIBIO CHEINaJbHON CIeAleil anmapaTyph.

B He6GoNBIIIUX W CPeIHUX II0 pasMepaM pedieKTopax AJd ymobcTBa Ha-
OJIIOMeHUsT CBEeT OTPaKaeTCsA JOMOJHUTEJIbHBIM ILIOCKUM (BTOPUYHBIM) 3€p-
KaJloM K CTeHKe TPyObI, rae HaxomautTcsa oKyaap (puc. 98). PedaexTopsl
HMCIIOJIB3YIOT IPENMYIIeCTBEHHO AJs (hoTorpadupoBaHusa Heba, (POTOIIEKTPU-
YeCKUX W CHEeKTPAJbHBIX MCCJIEJOBAHUM.

B 3epkaJbHO-IMH30BHIX TeJIEeCKONaxX M300pasKeHUe MOJydaeTcd C IOMO-
IO CJIOKHOTO O0'BEKTHBA, COMEPIKaIero Kak 3epKaja, TaK U JUHBBI. JTO
IMO3BOJISIET 3SHAUMTEJIbHO CHUBUTh ONTHUYECKUE HCKaKeHHUs TejiecKoIlla II0

JIvH3a KoppeKuum
XpomaTtuyeckomn
abeppauun

nyuven ceeta

PucyHok 97 — Xop nyuei
B Teneckone-pedpaktope
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CPaBHEHUIO C 3ePKaJbHBIMM WJIW JUH30BBIMU cHUCTeMaMu. B Tejeckomax cu-
crembl B. IIIMmuara onTuyecKkue MCKaXKeHUA IJIABHOTO c(hepUUeCcKOro 3ep-
KaJjla YCTPAHAKITCA C IIOMOIIBIO CIEIUANbHON KOPPEKIIMOHHON IJaCTUHKU
CJOKHOTO TMPO(MIsA, YCTAHOBJIEHHON Iepes HUM. B TejecKomax CHCTEMBI
. OI. MakcyToBa UCKaXeHUA I'JIaBHOTO c(hepruuyecKOro MU 3JIJIUITAYECKOTO
3epKaJj MCIPAaBJISIOTCA MEHUCKOM, YCTAHOBJIEHHBLIM mHepes 3epkasom (puc. 99).
MeHuck — 9TO JMH3a C MaJi0 OTJIUYAIOIUMUCA PaIUycaMU KPUBUSHBI II0-
BEPXHOCTH; TaKas JUH3A IMOUTU He BJIMAET Ha OOIMI XOf Jiydyeil, HO 3aMeT-
HO WCIPABJIAET VCKAKEHUA OIITUUECKOTO M300parKeHmA.

OCHOBHBIMHU OIITHUYECKNMU ITapaMeTpaMU TeJIECKONA SBJIAIOTCS: BUIMMOE
yBeJUUYeHMNe, pas3peliaias CIIoCOOHOCTh ¥ IPOHUIIAIONIAs CUJIA.

Bugumoe yBesumuenue (G) ONTHMUECKON CHUCTEMBI — 3TO OTHOIIIEHUE YTJa,
O[T KOTOPBIM HaOJmofaeTcd u3o0pasKeHUe, HaBaeMOe OINTUYECKON CHUCTEeMOM
mpudopa, K yrJIOBOMY pasMepy o0heKTa Ipu HaOJIIOAeHN eT0 HelloCPeICTBeHHO
ryia3aoM. Buammoe yBesnmdueHMe TeJIECKOIA MOYKHO PACCUMTATDL IO (hOpMYyJie:

o B
F b

OK

rae Fo 1 F,, — (QoKycHBIe paccToAHUSA 00beKTUBA U OKYJISIpa.

Ina monydyeHUs 3HAUYUTEJIBHOTO YBEJUUYEHUS O0BEKTUBBHI B TeJeCKOIlaX
JOJIXKHBI OBITH AJIMHHOPOKYCHBIMU ((POKYCHOE paccTosdHNEe B HECKOJbKO Me-
TPOB), & OKYJIAPBI — KOPOTKO(MOKYCHBIMYU (OT HECKOJbKUX CAHTUMETPOB IO
6 mMm). Hecrmoxoiimasa armocdepa 3eMJau BBLI3LIBAET APOKaHNe W HMCKaKeHUe

[Mnockoe BcrnomoraTenbHoe
3epKano

MeHunck

JvhHza maBHoOe
oKynspa chepuyeckoe
3epKarno

3epkano-
o6beKkTuB

Okynap

BropuuHoe
3epKano

CBeToBble

nyuu

PucyHok 99 — Xop nyuen
PucyHok 98 — Xop nyueii B 3€PKaNbHO-IMH30BOM
B Teneckone-pednekrope MEHNCKOBOM Teneckone
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1300paskeHnsd, PasMbIBAeT ero JeTajau. [1oaToMy maske Ha KPYIIHBIX TEJIECKO-
Iax peaKo yCTaHABJIMBAIOT yBeauueHue O0ojsiee uem B 500 pas.

Ilon paspemiaromieii criocOOHOCTHIO () OITUYECKOTO TeJIeCKOIla ITIOHUMA-
IOT HanMeHbIIlee YIJIOBOe PACCTOAHUE MEXKAY ABYMS 3BE3IaMM, KOTOPHIE MO-
TyT OBITH BUAHBLI B TeJECKOIN pasiesibHo. TeopeTmuecKu paspelraionias CIIO-
co0HOCTh (B CeKYHIAxX Iyru) BUIYAJBLHOTO TEJECKOIIa IJA JKEJITO-3eJEHBIX
Jyded, K KOTOPLIM HauboJjiee YyBCTBUTEJIEH TJIa3 UeJ0BeKa, MOKeT OBITh OIle-
HeHa IIPU HTOMOIIU (POPMYJIbI:

140"

v D’

rae D — nuameTrp o0'beKTHBA TeJeCKONa B MUJJINMETPAaX.

Ha npakTuke n3-3a IOCTOSHHBIX IepPeMeIleHni BO3AYIIIHBIX MACC pa3pelia-
IOIIasi CIIOCOOHOCTDH TEJIECKOIOB CHIUKAeTCsI. B mTore HaseMHBIE TEJIECKOIbI, KaK
MIPABIJIO, 00ECIIEUNBAIOT PA3PEIIIAIOIYIO CIIOCOOHOCTE OK0JIO 17, 1 TOJIBKO B pex-
KHX CcIay4YasX IpU BechbMa OJIAaTOIMPUATHBIX aTMOC(EPHBIX YCIOBUAX YAAETCS IO-
CTUYL paspernIaoleil ClIocOOHOCTH B HECKOJIBKO JeCATBIX J0JIel CeKYHIBI.

Tak:ke Ba)KHON XapaKTEPUCTUKOIN TeJieCKoIla ABJSAETCA MPOHHUIAIOIIAT
cuiaa (m), KoTopasi BeIpasKaeTcs IpeelbHOM 3BE3THON BeJIUUYMHON CBETUJA,
JOCTYIIHOTO HAOJIIOAEHUIO C IMOMOINLI0O JAaHHOTO TeJecKoIlla IIPU HIeaJIbHBIX
aTMoc()epPHBIX YCJIOBUAX.

1 TeecKOIOB ¢ AuaMeTpoM o0beKTuBa D (MM) OIpoHUIIAIOIIAA CHUJIA M,
BbhIpaKeHHAasA B 3BE3NHBIX BEJIMUYMHAX HPU BU3YAJbHBIX HAOJIIOAEHUAX, OIle-
HuBaeTcsa (hopMyJIoi:

m = 2,0+ 5 lgD.

C 1995 r. B o6cepBaTopuu Mayua-Kea
(CIITA) paboraror nBa ommHakoBbIX 10-MeTpo-
BeIX Tejeckomna «Kex-1» m «Kex-2». Kamx-
Ioe 3epKajio TejJeckoma coctout m3 36 cer-
MeHTOB. KauecTBOM mM300pasKeHUs TeJIeCKO-
II0B PYKOBOAUT KOMIIBIOTED, YIPABIAIOIINHA
KasKIbIM CerMeHToM 3epkaja. Ilo pasperlma-
[oIIe CIIOCOOHOCTH TaKOUW TeJeCKON MPU-
onm:kaercsa K Kocmuueckomy. OdcepBaTopus
pacmoJsioxera Ha BbicoTe 4250 M Hagy Tuxum
oxkeanoM Ha I'aBalicKkux ocTpoBax. Omru-
Ka KOCMHYECKOI'0 TeJeCcKoIla mM. Xab606Jia PucyHok 100 — Kocmuueckuit
(puc. 100) npubam:kaeTcsa K HUIeaTbHOM Teneckon Xa66na (CLLA)
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OIITHYECKOIi cucTreMe. BHe aTmMochepsl 3epKajIo 9TOr0 TeJeCKoIla JUaMeTPOM
2,4 M m0O3BOJIAET NOCTUYL paspemenus 0,06”.

3HaUNTEeIBPHBIMU BO3MOMKHOCTAMU oOjsiamaeT Tesneckon VLT (aura. Very
Large Telescope — oueHb 0OJBINION TEJECKOI), IPUHAAJIEKAIININ eBpOIIeii-
CKUM CTPaHaM M YCTAHOBJIEHHBIN Ha rope Ilapamanb (BeicoTa 2635 M) Ha ce-
Bepe Yuau. Teaeckom VLT cocTouT m3 UeTHLIPEX TEJIECKOIIOB, KaMKIBIA 13
KOTOPBIX mMeeT aumametrp 8,2 m. KpaiiHue TesecKOmbl pasHECEHBI OOUH OT
apyroro Ha paccroanue 200 M, UTO MO3BOJAET BCeMY KOMILIEKCY paboTaTh B
pe:xuMe onTUYecKoro uHTepdepoMerpa. ITO 03HAYAET, UYTO €CJIU TeJIEeCKOIIEI
HAIIpPaBJeHbl HA OOHY U Ty Ke 3Be3dy, TO COOpaHHOe MMU U3JIyUYEeHHEe CYMMU-
pyeTrcs, a paspemiawIias CIIOCOOHOCTh COBMECTHO PaOOTAIOININX TeJIeCKOIIOB
SKBUBAaJICHTHA HNpPUMeHeHUIo 3epKaya guamerpom 200 M.

KoauduecTBO mOCTPOEHHBIX BO BCEM MUPE TEJIECKOIOB C JUAMETPOM 3epKa-
Ja 6oJibille 6 M IPUOIMKAeTCA K ABALIIATH.

CobpanHoe 00BEKTHBOM TEJIECKONA M3JIyUYeHNe PeruCTPUPYeTCs U aHaJIu3U-
pyeTcsa MpUEMHUKOM MU3JIyueHUsd. Ha MpOTAKEHNN MEePBBIX IBYX C MOJIOBUHOMN
BEKOB C HayvaJjla TeJIeCKOIUYECKOI apbl IMHCTBEHHBIM MPUEMHUKOM H3JIyde-
HUA CAYKUJ dejgoBeduecKuii rias. OQHAKO 9TO HE TOJbKO He OYeHb UyBCTBU-
TeJILHBIN, HO U JOCTATOYHO CYO'BeKTUBHBIN MPUEMHUK usaydeHus. C cepeIruHbI
XIX B. B aCTPOHOMHUM CTaJIM IIMIHUPOKO IMIPUMEHATHCS (hoTorpadpiriecKiie MeTo-
nbl. DoTorpaduueckue MaTepuaiabl (POTOIIACTUHKY, (POTOMIEHKM) 001a1af0T
PAOM ITeHHBIX IIPEMMYIIeCTB II0 CPAaBHEHHIO C UeJOBEUECKUM TIjasoM. PoTo-
AMYJIbCHUS CIIOCOOHA CYMMMUPOBATH IIAMAIOIIYI0 HA HEE SHEpPruio, T. €., YBeJu-
yuBasd BBIIEP:KKY Ha HeraTuBe, MOXKHO cobpaTh 0ojibliie cBeTa. @otorpadus
IIO3BOJISIET JOKYMEHTHPOBATEH COOBITHA, TaK KaK HETaTHUBBI MOTYT XPaHUTBHCA
B TeUeHMe JOJTroro BpeMeHu. POTOMIACTHHKY 00J1a1ai0T IaHOPAMHOCTLIO, T. €.
MOT'YT OJHOBPEMEHHO 1 TOUYHO (PUKCHUPOBATH MHOKECTBO 0O0'HEKTOB.

Camble KpyIIHBIE COBpEMEHHBbIe TeJIeCKOIIbI YIIPaBJISIOTCA KOMIIBIOTEpPaAMH,
a ToJIyuYeHHbIe M300paKeHnsT KOCMUUEeCKUX 00BEeKTOB (puKcupyioTcsa B (opme,
KoTopas oOpabaTbIBaeTcA KOMIIBIOTEPHBIME IIporpaMMmamu. Portorpadms mouTu
BBINILJIA U3 yIIOTPeOaeHuA. B mocneqnme necaTnaeTusa MOJYUMIN IITHPOKOE pac-
IIpocTpaHeHre (POTOITEKTPUUECKHEe MPUEMHUKNA U3JTyYeHUs, CBeIeHUs OT KO-
TOPBIX IIEPEeNAlOTCA HEIIOCPeACTBEHHO Ha KoMIbioTep. K Takxmm mpubopam oT-
HocsaTcsa II3C-marpuiis! (Ipubopsl ¢ 3apAnoBoit cBsasbio). II3C-maTpuiia — aTo
MHTerpaJibHAasI cXeMa, pasMelléHHas Ha IIOJYIIPOBOIHMKOBOM MaTepuaJie, KO-
TOpas IIPeBpalllaeT CBETOBYIO SHEPTUIO0 M3JIYUYEHUS B DHEPTUIO DJIEKTPUUECKOTO
Toka. Cuja TOKa TPOIIOPIIMOHATbHA MHTEHCHUBHOCTH CBETOBOTO ITOTOKa. Taxwme
IpHOOPEI 00JIa1aI0T BBICOKOM 9()(heKTUBHOCTHIO B PETUCTPAIIMN CBETOBBIX KBAH-
TOB (KBaHTOBBIM BBIXOJOM): HCIOJb3yeTcsa M0 80 % oT obIero ux KoJuJYecTBa.
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KoMmnbioTepHas ob6paboTka m300pakeHUA IIO3BOJISAET M30aBUTHCA OT (POHA U
ImoMeX, COo3/laBaeMbIX pacceTHUEM cBeTa B aTMocdepe 3eMii U TypOYJIEHTHO-
CTBIO aTMoc(epsnl.

3. Pagmnoteneckonbl. I3yuyeHneM KOCMUYECKUX PAANOMCTOUYHNKOB 3aHIMAET-
cs1 paduoacmponomus. OHa 3apoguiack B 1931 r., xorma caydaiiHo ObLIO OOHA-
py:KeHo paguousiyuenue mearpa Mieunoro Ilytu. Coyersa 15 jieT B co3Be3guu
JlebGemsa HAILIM TIEPBBIN TOYEUYHBLIM MCTOYHUK PAAMOBOJH — cJa0yio rajlakTu-
Ky, KOTOPYIO BIIOCJIEACTBUI YIAJIOCh PA3IJIALETh B OITHYECKOM AHAIla3OHe.

Hoxopsriee 1o 3eMJau paguonsIyueHre OOJLITNHCTBA HEOECHBIX 00HEKTOB
oueHb caaboe. [y OOHAPYIKEHUA U IPUEMA KOCMUUYECKOT'0 PAAUON3IyUeHU I
HWCIIOJIB3YIOTCA MPUOOPHI, KOTOPhIEe MOJYUYUJIN Ha3BaHUE PaTUOTEIECKOIIOB.
PagnoTeecKOIIbI COCTOAT M3 aHTEHHOTO YCTPOMCTBA M UYBCTBUTEJILHOM IIPU-
éMHOoI cucrteMbl. I[IpuémMHuas cucremMa, WJIN PALUOMETD, YCUJINBAET IPUHATOE
aHTeHHOII pagMoM3JIyueHMre M IpeodpasyeT ero B yAOOHYIO OJIs JaJibHeMHInei
obpaboTku Gopmy.

OcHOBHOe Has3HaUeHNe AaHTEHHOTO YCTPOWCTBA — cOOpaTh MaKCHMAaJbHOE
KOJIMYECTBO SHEPTUU, IPUHOCUMOII pagroBOJIHAME OT 00'beKTa. B KauecTBe aH-
TEHHBI MCIOJIb3yeTCs CILIOIIHOE METAJJINYECKOe NI CETUATOE 3€PKAJIO, MMEIO-
mmee popmy mapabosionga. AHTeHHA PAgUOTEIECKOIA OTJINUAETCA OT OOBIUHBIX
aHTEHH PaAMOCBI3U BLICOKOI HAIIPABJIEHHOCTBIO, T. €. CIIOCOOHOCTELIO BBIAEIATH
pagrousayueHne HeOOJIBIIIOro yuacTKa Heba. B doKyce mapadosonma momerra-
eTcs obJyiyuaTeb — YCTPOHCTBO, cobOupalrolliee paauou3IydeHre, HalpaBJIeH-
HOe Ha Hero seprasioM. O0JyuaTesb IepPeJaéT HPUHATYIO SHEPIUI0 HA IPUEM-
HOe YCTPOMCTBO, Tle¢ CUTHAJ YCUJINUBAETCA, NIeTEKTUPYETCSI U PeruCTPUPYeTCH.

Paguoresneckonbl oUueHb OOJIBIIIOTO pasMepa MOTYT OBITh IIOCTPOEHBI M3 OT-
IeIbHBIX 3epKajl, KaKIoe U3 KOTOPBIX (hOKYyCUPYyeT IPUHUMAEMOe U3IyUeHue
Ha oauH obuayuarensb. [IpumepoM ABJsgeTCA
poccuiickuii paguoreaeckon PATAH-600
(puc. 101). AHTeHHa 3TOTO TeJecKoma
mpeacTaBiisieT co00M 3aMKHYTOE KOJbIO
auaMeTpoMm 576 M, cocrosiree u3 895 mio-
CKHuX 3epKas pasmepom 2,1 X 7,4 m, obpa-
3YIOINX CETMEHTHI mapadosona.

MoIiHoCTh paguoCcUTHAA, MOCTYIIAIo-
I[ero Ha BXOJ IPUEMHUKA, HPSAMO IIPO-
mopIHuOoHAaJbHA WJoInanu anTeHHbI. Ilo-
9TOMY aHTeHHa OOJIBIIIEr0 pasMepa C Of- PucyHok 101 — Pagunoteneckon
HUM U TeM K€ IPUEMHUKOM JAET JYUIIYIO PATAH-600
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YyBCTBUTEJIHLHOCTD, T. €. II03BOJISIET O0HAPY-
KUTH cjIabble MCTOUHMKU C MAaJIOW MOII[HO-
CThI0O M3JIYyUYeHUs. AHTEHHBI KPYIHEHIINX
PaInoTeIeCKOIIOB JOCTUTAIOT COTEH METPOB.
Kpynubiii pagroTeleckon ¢ BpallatoIMCs
MeTaJLITYeCKUM pedIeKTOPOM AUAMETPOM
100 m HaxogUTCA HemaaeKo oT ropoxa Bom-
Ha B 'epmanuu. HemogBu:xkuas aHTeHHaA B
Apecubo (ITyspro-Puko), pacmosararormia-
dAcdA B KpaTepe MOTYXIIIEro ByJKaHa, MMeeT
PucyHoK 102 — FuraHTcKii nuametrp 305 m (puc. 102). I_[JIH"TOI‘O YTO-
paanoTeneckon B yawe kpatepa OBl M3MEHUTDL HaIpaBjieHUEe HPUEMa U3Jy-
(MyspTo-Puko) YeHHUs, B 9TOM PagnOTeJIeCKOIe JejaioT IIe-
pecTaHOBKY O0JIyUaTeJIs.
Ecinu pagmounsiydyenne MCTOYHUKA OJHOBPEMEHHO BOCIPUHUMAETCSA ABYMS
u 0ojlee aHTEHHAMM, PACIIOJOKEHHBIMU HA HEKOTOPOM PACCTOAHUU APYT OT
Ipyra, M 3aTeM STU CUTHAJILI CYMMUPYIOTCS, TO BCJIEACTBUE MHTEP(HEPEeHIINN
PaaroCUTHAJIOB pPaspenIaInasa CIIOCOOHOCTh TeJIeCKOIOB 3HAUNTEIHLHO BO3pac-
Taer. Takoil MHCTPYMEHT HasbIBaeTcsAd pagmoumHTepdepomerpom. Ha pucyn-
ke 103 mokasama cxema paboTel pagrouHTepdepoMeTpa, COCTOSIIEro 13 ABYX
pPamroTeNIeCKOIOB, HAXOAAMINXCA APYT OT Apyra Ha paccToanuu D, KoTopoe
MOJKET COCTaBJATH COTHU U JaKe ThICAYN KUJIoOMeTpoB. Hampumep, MHOTO-
snemMeHTHBIN pagzmouHTepdepomerp VLA (mrat Hrio-Mexcuko, CIIIA) cocro-
ut u3 27 UHANBUAYAJIbHBIX 25-MeTPOBBIX
napaboJIONI0B, PABHECEHHBIX Ha 25 KM APYT
or apyra. PagnounnrepdepoMeTpsl CO CBEPX-
IIMHHON 62301 00BeIUHSIIOT PASUOTEIeCKO-
IbI, pasHeCcéHHbIe HA THICAYU KUJIOMETPOB.
C X TOMOIIBIO YAAJOCH HOJIYUYUTDH YIJIOBOE
paspermtenue nopsaka 0,0001”.
PagmoBosrabl ¢cBOOOIHO IMTPOXOAAT CKBO3hb
OTPOMHBIE ME)K3BE3THBIE Ta30IbIIEBbIe 00-
adaxa u atrmocepy 3emau. ITosTomy meTto-
Ibl PAgNOACTPOHOMUM OYEHDb BAJKHBI IJIS
U3yYeHUsd, HAIPpUMED, IMeHTPATbHLIX pai-
PerucTpupyrowas annapatypa oHOB Muneunoro IlyTu u apyrux rajakTuk,
PucyHok 103 — Cxema pa6oTbl TaK KaK OIITHYeCKHe BOJIHBbI, UAYIINE U3
paguonHTepdpepomeTpa aTUX 00JacTel, IOJHOCTHIO MOTJIOMIAIOTCA.
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B Oosbiieit mam MeHbIIei#l cTemeHHU pa-
IUOU3JIyUaTeIbHOM CIOCOOHOCTHIO ob0Jama-
0T BCce rajJakTuku. Ho HeKoTophle M3 HUX
OTJIMYAIOTCSA IOBBINIEHHON aKTUBHOCTHIO. Ha
pucyike 104 moxasaHO COBMEIIeHHE OIITHYE-
cKoM (pororpadpuu U JUHUN MHTEHCUBHOCTU
paguousnyuenus rajdaktuxu Lleartasp A.

Bcee usBectHbIe pagmoncTouHUKY B 80-X IT.
XX B. OBLTIH CBeJeHBI B KaTaJol, KOTOPBIH
HacuuTeiBaeT csuiiie 100 Teic. 00beKTOB. B
1958 r. actpounombl CIIIA moayumsim mepBoe

pazapHoe 3X0 OT Apyroi mjaaHeThl — Be-

Hepbl. OTpaskeHus paJapHBIX CUTHAJOB OT PucyHOK 104 — OnTMyeckoe
IPYTruX IIJIaHeT JaioT caMble TOYHBIE M3Me- 1 papvon3nyyeHmne ranakTmKm
peHus paccToAHuil. ITH Ke MEeTOIBLI II03BO- KeHTaBp A

JIUJIV TPOHUKHYTH Yepe3 IIJIOTHYIO aTMOC-
depy Benepsl u uccienoBaTh peabed eé moBepxHocTu. C MOMOIIBIO pagapa
OBLIN TOYHO OIpefesieHbl IePUOALI BpaleHus Bernepsl u Mepkypus.

4. BHeatmochepHaa actpoHomuA. OcobbIii pasfes aCTPOHOMUU — BHE-
armMochepHaa acTPpOHOMHMA — u3ydaeT HebecHble 00BEKTHI IPU TOMOIIHU
ammaparypbl, BBIHECEHHOU 3a Mpenaesibl 3eMHOI aTmoc(epbl. PasimuHbie
mpubOPHI, YCTAHOBJEHHBIE HA UCKYCCTBEHHBIX cuyTHUKax emuu (MIC3) u aB-
TOMATUYECKUX Me:KIJIaHeTHBIX cTaHIuAX (AMC), mo3BoJAOT M3ydaTh KOC-
MHuUYecKHre O0BbeKTHI BO BCEM AMAlla3oHe MJIWH BOJH, HAUMHAA OT JKECTKO-
ro raMMa-us3JayuyeHus [0 KUJIOMETPOBBIX pammoBoiH. [loaToMy coBpeMeHHAas
aCTPOHOMMUS CTaja BCEeBOJHOBOI.

WN3syuenre mHppaKpacHOro M3JIyUYeHUS B aCTPOHOMHUM HAUYaJIOCh C TOTO,
YTO C ero MOMOII[IO IPOBEJIN TOYHbIE M3MEPEeHUA TeMIIePATYPhl IIOBEPXHOCTHU
u arMmocdepsl mwiaaner ComHeunoii cucteMbl. Tak B atmochepax Mapca, Bene-
pel 1 IOnuTepa ObLT OOHapPy:KeH yIJIeKUCJbId ras. MHppaKkpacHble HabII0IE-
HUS IJIAHET-TUTAHTOB IIO3BOJIUIN Y3HATH CTPYKTYPY UX aTMocdep 1 oOHApPY-
JKUTH JIEM Ha COYTHUKAX.

CeHCAIITMOHHBIM OTKPBITHEM MH(PAKPACHON acTPOHOMHUM CTaja Boja, 00-
Hapy:KeHHasa B KocMoce B GoJbIlioM KosimuecTBe. OHAa HMPUCYTCTBYET B ra3o-
MBLIEBBIX TYMAHHOCTSAX, KOMEeTaxX 1 Ha MaJbIX IIJIaHeTax.

Tak xak 3eMHasa aTMoc(pepa CUIbHO dSKPaHUPyeT yabTpadmoaeToBoe HU3-
Jy4YeHHe, ero IPUEMHUKU IPUXOIUTCA pasMelaTh Ha MCKYCCTBEHHBIX CIYT-
HuKax 3emuu. IIpoBenéunbie B 1999 r. mabiogeHusa Jajdu oUeHb MHTEPECHBIE
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HayuYHBIe pe3yabTaTbl. OKasajaoch, YTO B Ha-
meii T'ajakTuKe IIMPOKO PaCIPOCTPAHEHEI
MacChl CHJILHO HATPEeToro (IO IMOJYMUJIJINOHA
TpafycoB) MeK3BE3THOTO ra3a, HaXOAAIIero-
csa Ha paccToaHuM oT 5 10 10 THIC. CBETOBBIX
JeT OT IeHTPaJbHOu mjaockocTtu MieuHoro
IIyTu. 9ToT ras HarpeBaeTcs CKOpee BCEro B
pesyJbTaTe BCILIIIIEK CBEPXHOBBIX 3BE3]I.
HcrounukamMu raMma-u3iaydeHUsT ABJIA-
forca Benblniku Ha CoJtHIlE, Aapa aKTUBHBIX
rajJlJakTukK, KBasapbl. IIpu momoIinmm peHTre-
HOBCKHUX KOCMUYECKHUX 00cepBaTOpUil mcciie-

PucyHok 105 — Kpa6osupHan IYIOTCS CBePXHOBBIE 3BE31bI, TYMAHHOCTH

TYMaAHHOCTb B PEHTFeéHOBCKUX

(puc. 105), HelTPOHHBIE 3BE3ALI, COJTHEUHAA

nyuax
KopoHa M BeubIliku Ha CoJHIIE.

HckyccTBernHbIE CITYTHUKY 3eMJIU BLIBOAAT Ha OKOJ03€MHBIE OPOUTHI YHU-
KaJIbHbIE yIbTpaduoJaeToOBble, MHPpPaKpacHble U ONTUYECKUE TeJeCKOIbl. I1o-
CTEIeHHO YBEeJINUYNBAIOTCA JUAMETPBI UX IJIABHBIX 3€pPKaJjl, COBEPIIEHCTBYET-
csd CBeTONpPHEMHASA AIlllapaTypa, IOBBIIIAETCA YYBCTBUTEJIbHOCTL HPUOGOPOB,
paspabaTbIBaloTCs HOBBLIE METOAbI CTAOMIM3AIINK TeJEeCKOIOB Ha opoure.

T's1aBHBIE BBIBOIBI

1. Armochepa 3eMau IPOMYyCKAET JEKTPOMATHUTHOE U3JIYUYEeHUE

JIUINb B OIPEIEeIEHHBIX AUana3oHaX BOJIH, II09TOMY M3JIyUYeHIUe OT KOcC-
MHUYECKUX OOBEKTOB HA MOBEPXHOCTU 3eMJM HCCIEAYIOT C IIOMOIIBIO
OIITUYECKUX TEJIECKOIIOB U PAAVOTEJIECKOIIOB.

2. BHeaTmochepHasa acCTPOHOMUSA ITO3BOJIAET UCCJIEOBATh HeOEeCHBIe
00'BEKTHI BO BCEM IMAalla3oHe 3JI€KTPOMATrHUTHOTO UBJIyUEeHUS.

3. B zaBucmMOCTM OT KOHCTPYKIIMM PasIUYalOT ONTHUUYECKUE TeJie-
CKOIIBI CIEeAVIOIINX TUIIOB: JUH30BbIE (pedhpaKTophl), 3epKaabHbIE (ped-
JIEKTOPBI) U 3€PKAJTHHO-JIUH30BHIE.

4. OcHOBHBIE OIITUYECKUE IIapaMeTpPhl TEJECKOIIOB — BUAMMOE yBe-
JIMYEHWE, Pa3PeIariasa ClIOCOOHOCTb, IPOHUIIAIOIIAA CHUJIA.

5. YBesquueHVe paspeliamlneil CIIOCOOHOCTH ONTHUUECKUX W Pauo-
TEJIEeCKOIIOB [OCTUTAETCS 3a CUET O0beOIMHEHUA UX KOMIIJIEKCOB B WH-
TephepoMeTpEL.
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KOHTpOJ’IbeIe BOMNPOCbl N 3agaHnA

1. Ha Kakve gnana3oHbl Nogpasfenserca Becb CNekTp SNeKTPOMarHUTHOMO 13nyyeHuns?
2. MNMoyeMmy C NOBEPXHOCTM 3eMNU Heslb3A BECTU U3yyeHne HebecHbIX 0OXEKTOB BO BCEX
[ManasoHax 3N1EKTPOMArHUTHOrO U3JyyeHns?

3. Kakue oCHOBHble 3ajaun peLlaloT B aCTPOHOMUMN C MOMOLLbIO TefleCcKomnoB?

4. Kak MOXHO onpefennTb BUAUMOE YBeNIMYeHne ONTUYeCKol CUCTeMbl Teneckona?
5. ¥YBenuueHuve Teneckona paBHo 75. QokycHoe pacctosHue ob6XektnBa 5 m. Onpepe-
nute GOKYCHOe paccTosfHVe OKynsApa.

6. YTo NoHMmaloT nog paspeLuatolleil cnocobHocTblo Teneckona? MNpoHuuatoLen cno-
COBHOCTbIO?

7. Onpegenute paspeLuaioLlyo CNOCOBHOCTb 3puTenbHON Tpy6bl € AnameTpom obXek-
TMBa 5 cm.

8. YTo noHMMaloT nof BHeaTMOChEPHOW acTPOHOMMEN?

§ 18. CneKTpanbHbIN aHaNN3 B aCTPOHOMUN

1. Bugpbi cnektpoB. B 1666 r. Ncaak HrioToH, IIpomrycKas mydYoK cBeTa de-
pe3 TPEXTPAHHYIO CTEKJISHHYIO IIPU3MY, 3aMeTUJI, UTO TOT He TOJLKO IIPEeIoM-
JisgeTcsA K OCHOBAHUIO IIPU3MbI, HO 1 PACIIafiaeTcs Ha I[BEeTOBbIE COCTABJIAIOIINE.
ITonyuenmas Ha SKpaHe IIBeTHAA II0JIOCKA, COCTOAINAA M3 CEMHU OCHOBHBIX ITBE-
TOB, IOCTEIEHHO MEePEeXONAIINX OJUH B APYroii, Oblja Ha3BaHA CIIEKTPOM.

s HabaogeHUA U MUCCIAENOBAHUSA CHEKTPOB IMPUMEHSIIOT mpubop —
CIeKTpocKomn. [[JIg mOoJyYeHUs W PErucTpPallii CIEKTPOB HeOECHBIX TeJ MC-
MOJIL3YIOT CIIEIUAJNILHBIN ONITUYECKUII IPUOOp — cmeKTporpad.

CrueKTphl CPABHUTEIBHO APKUX CBETUI (POTOrPa@UpPYIOT ¢ IIOMOIIBLIO IIle-
JIEBBIX CHEKTPOrpadoB, COCTOAINMNX 13 KOJJINMATOPA, MPU3MbI U (DOTOKAMePHI
(puc. 106). PoTorpadruecKuii CHUMOK CIIEKTpa He0eCHOTO Teja Ha3bIBaeTCsd

(doTokamepa
X enb KpacHble nyun

Konnnmatop  lpusma

DoTorpaduueckas
nnacTvHKa

QOuoneToBble nyyn

PucyHok 106 — Cxema weneBoro cnekrporpada
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crnekTporpammoii. Tak:Ke coeKTporpaMMoil HaA3bIBAIOT rpaduK 3aBUCHUMO-
CTH MHTEHCHBHOCTHU (MOIITHOCTH) M3JIyUeHUSA HeOeCHOro TeJjia OT AJUHBI BOJI-
HBI UJIU YaCTOTHI.

JIt000e cBeTsAlIeecA TEJIO CO3MAET CHEeKTp ucmyckanus. CIeKTphl ObIBAIOT
CILIOINIHLIE (HETpPEePbIBHLIE), JUHEHYAThIEe U TT0J0CATHIE.

CrronrHOM CHEeKTp MMeeT BUJ HeIIPEePHIBHOM IOJIOCHI, IIBETA KOTOPOM MO-
CTEIIeHHO MepeXoAAT OOUH B Apyroii. Bce TBEépAbIe Teja, pacijaBieHHBIE Me-
TaJIJIbI, CBETAIINECS Tra3bl U Iapbl, HAXOAAIINUECS IO OYEeHDb OOJIBIIINM JaBJjie-
HUEeM, AT CILJIOIITHOM creKTp. Takol CIeKTP MOXKHO, HallpUMep, HOJYUYUTH
OT AyroBoro (oHaps u ropsiieii cBeuu.

WHoii BuI mMeeT CIEKTDP, €CJIM B KaueCcTBe MCTOUYHHKA CBETA HCIIOJIb30-
BaTh pacKaJE€HHbIEe Ta3bl MJMW Hapbhl, KOTJa WX JaBJeHWE MaJio OTJINUAETCH
OT HOPMAJbHOTO U Ta3hbl HAXOAATCA B aTOMapHOM COCTOAHWU. B sTOM ciryuae
TOBOPAT O JUHeiYaToM cmekTpe (atromHOM). OH COCTOUT M3 OTHAEJNBHBIX pe3-
KHNX IIBeTHBIX JUWHWUI, pasfeIeHHBIX TEMHBIMU IpoMe:kyTkamu (puc. 107).
YcTaHOBJIEHO, UTO KaMKABIM XUMUYECKUN 3JIEMEHT B COCTOSHUM DPACKaJIEHHO-
r'o rasa, COCTOSAINET0 U3 aTOMOB, UCIYCKAET MPUCYIUHN TOJBKO €My OJHOMY
JIMHEHYATHIA CIIEKTP ¢ XapaKTEePHBIMHU ITBETHBIMU JUHUAMU, BCETMIa PACIIOJIO-
JKeHHBIMU Ha OIPeJeIEHHOM MecTe.

PucyHok 107 — JluHenuaTble cnekTpbl HeKoTopbix BewecTs (Hg, Ne, He, Na, H)
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ITosocaThIii crieKTp (MOJIEKYJIAPHBII) COCTOUT U3 OTAENbHBIX JIMHUMN, CJIN-
BAIOIIUXCA B MOJIOCHI (UETKME C OJHOTO Kpas M PasMBITHIE C IPYTrOro), pasje-
JIEHHBbIE TEMHBIMHU IPOMEKYTKaMU. TaKOHM CHEeKTP MCIYCKAIOT MOJIEKYJIBI I'a-
30B ¥ IapOB.

Hapsany co cneKTpaMu MCIYCKAHUSA CYIIECTBYIOT CIEKTPHI IIOTJIONIIEHMU .

CnIoIIHOY CIEeKTpP, MePeCeuEHHbIN TEMHBIMY JUHUAMEI WU IIOJOCAMU B
pesyJibTaTe MPOXOKJIeHUA 0EJIoro cBeTa Uepe3 pacKaJeéHHBbIe radbl WU Ia-
pBI, Ha3LIBAETCS CHEKTPOM IoOTJomeHuaA. MccienoBanme sSBJIEHUS BO3HUK-
HOBEHUA CHEKTPOB IOTJIONMIEHUS ITOKA3aJI0, UTO 8eUlecmaeo noziaouiaem Jy-
yu mex OJNUH 60JIH, KOMOPble OHO MOMCem UCNYCKambv 8 OAHHbLX YCAOBUSX
(3akon Kupxroda).

TakuMm obpasoM, AJA KaKJOT0 XMMHUYECKOT0 9JeMeHTa ero JUHeNdJaThIi
CIIEKTP MCIYCKAHUS M CHEKTP IIOTJIOIIeHMSA 00J1aJaioT o0paTHUMOCTBIO. JTO
3HAYUT, UTO PACIIOJIOKEHUE TEMHBIX JMHUM IMOTJIOIIEHNA B TOYHOCTH COOT-
BETCTBYET PACIIOJIOKEHUIO I[BETHBIX JUHUUA MCIYCKAHMUA.

CIeKTp COAEP:KUT BaskHelIyo nHpopMaiuo o0 naaydeHnn. OOIuil BUI
CIIeKTpa W JeTajJbHOe pacipefiesieHre 9HEPTUU B HEM 3aBUCAT OT TeMIeparTy-
pBbI, XUMUYECKOr0 COCTaBa U (pM3MUECKUX CBOMCTB MCTOUHWKA, a TaK:Ke OT
CKOPOCTH ero ABM:KeHUsa. MeTo mcciaefoBaHUA XMUMUUECKOTO COCTaBa TeJ U
uX (pU3UYECKOTO COCTOSHUS C IIOMOIIBIO CIIEKTPOB MCIIYCKAHUS U TOTJIOIIE-
HUA HA3bIBAETCS CIEKTPAJbHBIM aHAJH30M.

2. Xumuyuecknii coctas HebecHbix Ten. B 1814 r. memenkwuii dpusux Hosed
dpayrrodpep, Habaogasa cuextp CoJsHIIA TPU TOMOIIKM H3TOTOBJIEHHOTO UM
CIIEKTPOCKOMIA C JUPPAKIIMOHHON PEIIETKOoM, o0paTuJ BHUMAaHNUE HA TO, UTO
cionrHoi crnekTp CoOJIHIIA COMEP:KUT 3HAUNTEIbLHOE UMCJI0O TEéMHBIX JUHUMA.
YVuéHbIl yCTAHOBUJI, UTO 3T JUHUM (Ha3BaHHLIE BIOCJEACTBUU €TI0 UMEHEM)
He CIy4YalHBI M BCerjga IPUCYTCTBYIOT B cieKTpe CoJIHIIa Ha CTPOTO OIpere-
JEHHBIX MecTax. PpayHrogepoBhl JUHUN — He UTO MHOE, KaK JIMHUU IIO-
TJIOIIeHUsI MapoB Pa3JUUYHBIX BeIeCTB, HAXONAIIUXCA BOJIM3M HNCTOUHHKA
CILJIOIITHOTO CIIeKTpa — sApPKoi moBepxHocTu Coiauiia (Me:xkmy (otochepoii
U CIEKTPaJbHBIM Ipubopom). CoJHIlE OKPYKEHO Ia30BOM 000JIOUKOIi, MMe-
oleii 6oJee HU3KYIO TeMIIepaTypy M MEHBIIYIO ILJIOTHOCTBL, ueM (oTocde-
pa. Takum obpasom, crueKTp CoJIHIIA €CTh, IO CYIIEeCTBY, CIIEKTP MOIJIOIIE-
HUS 9TUX IIapOB.

IIpu meranbpHOU Kaaccupuranuu ppayHrodepoBbIX JUHUHA OAUH 3a APY-
ruMm Ha CoiHIile oO0HapPYKMJIM Bce 3eMHBIe dJieMeHTHI. Ilocie ocylmecTBie-
HUSA OOJIBINON MO0 00BEMY PabOTHI IO YCTAHOBJIEHHIO COOTBETCTBUS (PpayH-
roepoBBIX JUHUU OIPENIeJIEHHBIM dJEeMEeHTaM OKas3aJioCh, UTO HECKOJIBKO
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CHeKTPAJbHBIX JUHUH He IPUHAAJIEKNAT HU OJHOMY 3eMHOMY 3jeMeHTy. Tak
OBLTT OTKPBIT HOBLIM 9JIeMeHT — rejuil (cosHeuHbIH). VI ToabKo uepes3 26 Jer
reJinii OOHAPY:KMJIN Ha 3eMJe.

CpaBHUBaA IJIWHLI BOJH JUHUIN HOTJIOINEHNA, HAOJIIOTaeMbIX B CIIEKTPax
HeOeCHBIX TeJ, C IOJYYeHHBIMU B JIa0OpPATOPUU WU PACCUUTAHHBIMU TEO-
peTuvYecKu CHeKTPaMU Pas3JIMUYHBIX BEIEeCTB, MOKHO OIpPeNeUTh XUMHUUe-
CKMI COCTaB M3JIyYalollero KOCMUYeCcKOoro o0beKTa, HaXOAAIIerocsa Ha OYeHb
6osbimoM paccroaauu. CIeKTpaabHBIN aHAJIN3 IIO3BOJISET ONPENeJUTh COCTaB
He Toabko CoJHITAa, HO U APYIUX O0BEKTOB — 3BE3J, TyYMaHHOCTel. AHaau3
CIIEKTPOB — OCHOBHOM MeTOJ M3yUeHUsd (PpU3MUECKON IIPUPOILI KOCMUYECKUX
00bEKTOB, KOTOPHIN MCHOJIb3yeTCcA B acTpohusuKe.

3. Temnepatypa. 3akoHbl BuHa n CredaHa X ‘BonbiumaHa. Besakoe, marke
ci1abo HarpeToe, TEJIO M3JIydaeT 3JIEKTPOMAarHUTHBIE BOJHBI (TEIJIOBOE MBJIY-
vernnue). IIpu remmeparypax, He mpessimatomux 102 K, msiayuarorcs rias-
HBIM oOpasoM mH(ppPaKpacHble JYUYN W PamuoBOJHEI. IIo Mepe maabHeHIero
HarpeBaHUs CIIEKTD TEIJIOBOTO MBJIYUYEHUS MEHSETCSA: BO-IIEPBBIX, YBEJIUYM-
BaeTcda o0IMee KOJMUYECTBO MBJIyUYAE€MOUW DHEPIUU, BO-BTOPHIX, MOABJIAIOTCA
Jyum BcE OoJsiee 1 OoJiee KOPOTKUX AJUH BOJH — BUAUMBIE (OT KPaCHBIX IO
(uosIeTOBLIX), YABTPAQUOTIETOBLIE, PEHTTEHOBCKIUE U T. I.

IIpu Tem0oBOM M3JIyYeHUMN BHYTPEHHAS DHEPTUA TEIJIOBOTO ABUKEHUA
aTOMOB M MOJIEKYJI Teja IePeXOAUT B SHEPTHI0 MCIYCKAEMbBIX 3JIEKTpOMAr-
HUTHBIX BOJIH. IIpy TOTJIOIIEHWH CBeTa IPOUCXOAUT OOpaTHBIA IpoIecc me-
pexoza sJIeKTPOMATHUTHON 9HEPTrUy BO BHYTPEHHIOIO YHEPTUIO TeJja.

Pacnpenenenue sHepruu B HEMIPEPBIBHOM CIIEKTPE TeJ PA3HOM TeMIIEpaTy-
PBI MOKHO IIpeAcTaBuTh B Buie rpadukra (puc. 108). C yBernueHneM TeMIie-
paTyphl MAaKCUMYM H3JIyYeHUA abCOJIIOTHO YEPHOTO Tejia CMEIaeTcsi B KOPOT-
KOBOJIHOBYIO 00JacTh cueKTpa. amHa BOJHBI Ay .y, KOTOPOH COOTBETCTBYET
MaKCUMYM B DacIpelejIeHUN 9HEPruu, CBA3aHA ¢ aOCOJTIOTHON TeMIIepaTypoit
T cooTHOILIEHMEM, KOTOPOE HAa3bIBAIOT 3aKOHOM cMeleHuss Buna:

Amax* T = b,

rae b — mocroauaas Buna (b ~ 2,9 - 1073 M - K). [laHHBIH 3aKOH BBIIOJHAET-
cs He TOJBKO JJIs OIITUYECKOTO0, HO U AJIA JII0OOTO APYroro Auaia3oHa 3JIeK-
TPOMATHUTHOTO U3JIyYeHUs.

B cnexTporpamme CoaHIta HanOOJIbINIAS MHTEHCUBHOCTDh MU3JIyUYeHUA HPU-
XOAUTCA Ha AJNHY BOJHBI A = 480 HM, I03TOMY TeMIIepaTypa COJIHeUHoi ¢o-
Tocepsl 6aus3ka K 6000 K.
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PucyHok 108 — PacnpepneneHue sHeprum B HenpepbiBHbIX CMEKTpax Tes, HarpeTbix A0
pa3Hbix Temnepatyp. KpacHas KpuBas nuHua — cnekTp ConHua

ITo mMepe yBeJMUYeHMHsI TeMIepPaTypPbl MEHSETCS He TOJBLKO I[BET M3JIyue-
HUS, HO U €ro MOIIHOCTb. B pe3yJ/ibTaTe SKCIEPHUMEHTOB U TEOPETUUYECKUX
pacuéToB OBIIO OOOCHOBAHO, UTO MOULHOCMb U3AYYeHUS aOCONIOMHO YEPHO-
20 meJsa NPoONnoOPUUOHALLHA LemeEepHoll cmenenu memnepamypst (3akon Cre-
dana — Boasumana). Kax bl KBagpaTHBIN MeTP IIOBEPXHOCTU a0COJIIOTHO
YEPHOTIO TeJia M3JydyaeT 3a 1 ¢ 0 BCeM HaIIpaBJCHUSIM BO BCeX IJIMHAX BOJH
DHEPTUIO:

e=0-T4

rae € — MOIIHOCTh M3JIYUeHUA eqUHUIBI IIOBePXHOCTU HArpeToro teja, T —
abcoJsioTHadA TeMIieparypa, ¢ — mocrosauuasa Credama — BosabimMana, KOTO-
pas pasHa 5,67 - 1078 Br/(m? - K%).

3HasA KOJIMYECTBO dHEPruu, IPUXOAAIIEil OT 3Be3Abl K 3€MHOI IIOBEPXHO-
cTH, MOXKHO 110 3akoHY Credana — BojbliMaHa OIpemenuTs €€ TeMIIePaTypy.
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3akonbl Buna u Credpana — BoabliMaHa cIpaBeAJHBLI AJIA M3JIyueHUs abco-
JIIOTHO YEPHOTO Teja. B mepBoM HNpUOIMIKEHMM MOYKHO CUMTATH, UTO 3BE3MBI,
u B uacTHocTu COJIHIIE, M3JIYUYAIOT KaK a0COJIOTHO UEPHOE TeJo.

4. dbdext [Nonnepa. B acTpodpusuke muporo mcuoabdyerca ddgert
Hdomiepa, BOSHUKAIOIINYN IPK IBUMKEHUN UCTOUHUKA U3JIYUEHUS OTHOCUTEIb-
Ho HaOmogarens. CyTs addexra Jlomnrepa 3akI0UYaeTca B CASAYIOIMIEM: €CJIN
MCTOYHUK MBJIYUEHUS IBUIKETCS II0 JIyUdy 3peHusA HaOI0JaTessi CO CKOPOCTHIO
U,, Ha3bIBaeMOM JIYUYEeBOII CKOPOCTHIO, TO BMECTO IAJIMHBLI BOJHBI Ay, KOTOPYIO
M3JyYaeT UCTOUHUK, HAOIIOAATe b (GUKCUPYeT BOJHY IJIUHOHN A, TaK UTO

x:xﬂ(1+%f,

rle ¢ — CKOPOCTH CBeTa.

CKOpOCTD U, MOJOMKUTEJNbHA IIPU YIAJEHUU MCTOYHUKA CBeTa OT HabJIIo-
mareasd (AL = A — Ag > 0) u orpumaresbHa Ipu OPUOIMIKEHUU K HEMY
(AL =L — 2o < 0).

C sadpdexrom IMommepa MBI HacTO CTAJIKUBaeMcsa B akycTuke. Hampumep,
ecJIZ BBHI CTOUTE Ha mIaTGopMe, MHMO KOTOPOH IIPOXOIUT IIOE3[, TO MOYKETe
3aMeTUTDh, UTO IIOKA OH HPUOJIMIKAJICSI, 3BYKOBOM CHUTHAaJ ObII 0oJiee BBICO-
KHUM, a KOT/Ia CTaJl YIAJATHCs, BHICOTA 3BYyKa Cpasy CHU3UJIACh. AHAJIOTUYHOE
sABJIeHNEe HAOJJI0JaeTcA U B OITHMKE: CBET OT IIPUOJMIKAIOIIETOCs MCTOUHUKA
CTaHOBUTCS 0oJiee CHHUM (YacTOTa YBEJIMUYHUBAETCA), a OT YOAJISIOIIEerocsa —
0oJiee KPACHBIM (YacTOTA YMEHBIIIAETCS). JTO M3MeHeHNe CKa3bIBaeTCs Ha II0-
JIO}KEHUHU CIEKTPAJNbHBIX JUHUHA B CIEKTPe: OHM CMENIAI0TCS B CHUHIOK WU
KpacHyio 00J1aCThb.

Hna msMepeHUA CMEIeHUsS CHEeKTPAJbHBIX JUHUHA PASOM CO CIEKTPOM
HccJaelyeMoy 3Be3bl Ha TY Ke (POTOMIacTUHKY (POTOrpappyIioT CIEKTpP Jia-
60paTOPHOTO MCTOUYHMKA, B KOTOPOM MMEIOTCS N3BECTHBIE CIEKTpPaJbHBIE
auanu. IloToM mpu MOMOIM MUKPOCKOIIOB, CHAOMKEHHBIX TOUHBIMH MU-
KpoMeTpaMu, U3MePAI0OT CMellleHe JUHUHA 00heKTa II0 OTHOIIEeHUIO K Jabo-
paTopHOU cucTeMe IJUH BOJH U TeM CAMBIM HaXOOAT BeIWUMHY AA. 3aTeMm
1o (popmyie

- £

AN A=Ay U
Ay Ay €

b

KOTOpad CJeAyeT M3 NIPUBEAEHHON BBIINIE, BBIUYNCIIIOT JIYUYEBYIO CKOPOCTD U,.
HanHasa Beimie opmyJia [lomsepa mpurogHa JHUINb AJA CKOPOCTEH U, B
npenenax no 0,1 ckopoctu cBera. IIpy ABMIKEHWM MCTOUYHUKOB W3JIYUYEHUA
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CO CKOPOCTAMM, OJU3KUMHU K CKOPOCTHU CBETAa, HEOOXOAMMO YUUTHLIBATH 3aKO-

HBbI TeOpMHr OTHOCUTEJIbHOCTH.

CaBuUr cueKTpasIbHBIX JIMHUM TeopeTUYecKU IIpeackasant B 1842 r. aBcrpuii-
ckuit pusuk X. Jlommep. VMcTUHHOCTL ero BLIBOMOB moaTBepaua B 1899 r.
Ja00pPaTOPHBIMU ONBITAMU W HAOJIIOAEHUAMU CIIEKTPOB 3BE3M PYCCKUI acTpo-

dusur A. A. BeromoabCcKuii.

@ I''taBHBIE BBIBOJBI

1. Bce cBerdAmuecs Teja CO3JAIOT CIEKTPHI MCIYCKAHUA, KOTOPLIE
MOTYT OBITH CILJIOIIHLIMU (HEIPEePbIBHBIMUI), JUHENYATBEIMU U II0JIOCA-
TBIMH.

2. Kaxkaplii XUMHUUECKUII 3JIEMEHT MMEET CBOil, TOJBKO €My CBOM-
CTBEHHBIN, JIMHEHMUAThIN cIeKTp. JImHeiiuaThlii CIEKTP CTPOTO IIOCTOSI-
HEH U He 3aBUCHUT OT TOTO, BXOAUT 3TOT 3JIEMEHT B COCTAB CJOYKHOTO Be-
II[eCTBa WJIN B3SAT B YMCTOM BHUJE.

3. Ilpu OTHOCUTEIHLHOM IIepeMeIeHNU MCTOUYHMKA W3JIyYeHusa U Ha-
OromaTelNd IPOUCXOIUT CMeIeHe CIIeKTPAJIbHBIX JUHUN B €ro CIIeKTpe.

@ KOHTpOﬂbeIe BONMPOCbl N 3agaHnA

1. Yto Takoe cnekTp? Kakue ABneHNA OOKa3bIBalOT C/IOXHbINA COCTaB cBeTa?

2. HazoBuTte 1 ganite onpegeneHnsa TPEM OCHOBHbIM BMAaM CMEKTPOB.

3. Yto Takoe cneKkTpanbHbIn aHanu3?

4, /I3amepeHne cnekTporpaMmmbl 3Be3abl NoKasasno, 4To nHuA xenesa (X = 530,2 HM) B
eé cnekTpe CMeLleHa No CpaBHEHMIO C NIMHMAMU NabopPaTOPHOro NCTOUHMKA B CTOPOHY
Hanbonee KOpoTKux BOSH Ha 0,02 HM. KakoBa CKOpOCTb 3Be3fibl MO Ny4y 3peHua?

5. CoopmynupyiiTe 1 3anuwmTe 3aKoH cMelleHna BruHa n 3akoH CtedaHa — Bbonbuma-
Ha. Kakoe 3HauyeHme 3T 3aKOHbl MMEKT B aCTPOHOMMUM?

6. OnpegenuTe TemnepaTypy 3Be3fbl, €CIN B €€ CrneKkTpe MakCUMyM WHTEHCUBHOCTU
N3/ly4eHnA NPUXOAUTCA Ha ANUHY BOJSIHbI paBHON 340 HM.

7. B Kakom cnyyae cmelleHre IMHUA CNeKTPorpaMMbl MOXeT He MPOUCXOAUTb, HECMO-
TPA Ha ABWKeHne obXekTa?



COJIHUE — AHEBHAA 3BE3[A

§ 19. ConHue Kak 3Be3aa

1. O6wme cBepeHus. CoHIle 3aHUMAaET MCKJIIOUNUTENbHOE II0JOKeHNe B
JKU3HU yesioBeka. OHO obeclieunMBaeT HAC CBETOM, TEIJIOM, SABJISAETCS HCTOU-
HUKOM BCeX BUJOB 5HEPIruU, HCIIOJL3YEeMbBIX JIoAbMU. COJHIIE BJAMAET Ha
MATrHUTHOE I0Jie M BepxXHue CJou aTMochepsl 3eMJu, BbI3bIBasd MarHUTHBIE
O0ypu, MOHMBAIMIO U IMUPKYIANNio arMocdepsl. ColTHeUHAA «IIOToJa» BJIMA-
eT Ha KJuMar, ouochepy U 3eMHYIO JKU3HL B I[€JIOM.

Coaune — 1meHtTpanabHoe Teso COJHEUHOH CUCTEMBbI, TUIOWYHAS 3Be3fa,
IIpeICTaBIAIONIaA cO00M PaCKAJIEHHBIN IIIasMeHHBIN 1map. CoyHIle — ofHa U3
200 mupp 3Bésn mamneit NamakTuku. [deTanbHo M3ydas (PU3MUECKYIO IPUPOLY
CoJstHITa, MBI IIOJyUYaeM BasKHEHIINe CBENeHUS O IPUPOAE OCTAJIBHBLIX 3BE3I.
Huck CosHIla, BUAUMBIA ¢ 3eMJI, — OCJEIUTEJIbHO JKEJTBHIN KPYTr CO cpen-
HUM YIJIOBBIM AuameTpoM 32’. CBeT OT Hero JOXOZUT ho Semiu 3a 8'/; Mus.

Huamerp Cosuna paBex 1 mun 392 thic. KM (109 nmamerpoB 3emin).
O6wém CoimHIla, TaKMM 00pasom, 0oJiee UueM B MUJLJIMOH pPa3 HPEBOCXOTUT
06béM Bemin, a ero Macca cocrasisfer Mg = 1,99 - 103° kr, uro npumepro
pasuo 330 000 3eMHBIX MAacc.

Wsamepenus 3a mpemeraMu 3eMHOIT aTMocdephbl TOKas3aau, YTO Ha ILJIOMIa-
Ky 1 M2, pacmosIosKeHHYI0 MepIeHANKYIAPHO COJTHEUHBIM JIydaM, eXKeCeKyH -
HO TOCTYIIAeT SHEPTU, MPAKTUUECKN He MEHAMIINAscAd B TeUeHUe JJIUTEIbHO-
ro MpoMe:xKyTKa BpeMeHu. OHa MMOIyUYMa Ha3BaHUE COJTHEYHOM IMOCTOSIHHOIM.
CousiHeuHas MOCTOAHHAS paBHA 1,37 KBT/M2.

Ceerumocts CoJHIIA, MW TOJHOE KOJUUYECTBO SHEPTHUU, U3IyUaeMoe
CoJHIlIEeM IO BCceM HANpaBJeHUSIM B eJUHUIYy BPeMeHU, OIPEeAeJUM CJie-
IyIIuM o0pa3oM: BeJIWUNHY COJIHEUHOM ITOCTOSTHHOM YMHOKHM Ha IIJIO-
maab ceprsl ¢ paguycoM ' B OOHY acTpoHoMHUYecKyio enuHuiy (1 a. e. =
= 149,6 - 10° m). OHA mOJYUNTCSA PABHOM:
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Lo = 4nr? - 1370 Br/m? = 3,85 - 1026 Br.

Ha 3emutio IIonmagaeT HUYTOXKHAA YaCThb COJIHEUHOH dHeprmm, CoCraBJIAIO-
mrasa OKOJIO ITOJIOBUHBI MI/IJIJII/Iap,Z[HOfI A0JIN YKAa3aHHOI'O BBIIIIE 3HAYEHUA.

2. CnekTp v xumunuecknin cocrae. Iloutu Bce mamm 3HaHuA 0 ConMHIIE OCHO-
BaHBI HA M3YyYEHHU €ro CIeKTpa. XMMUUYECKHEe 3JEeMEHTBI, KOTOphIe IPU-
cyTcTBYIOT B aTtmMocdepe CoJiHIIA, TOTJIONIAIOT M3 HEIPEPHIBHOTO CIEKTpA,
usjayudaeMoro porocdepoii, cBeT ompeneéHHOM YacTOThI. B pesysbTaTe B He-
IIPEePBIBHOM CIIEKTpe MOSABJIAIOTCS TEéMHBIe JUHUU. KaKk MBI y:Ke oTMeuasu,
V. ®payHrodep BIepBble U3YUMJI U 3aPUCOBAJ 576 TEMHBIX JUHUI CONTHEU-
HOTO CIIeKTpa. YUYEHBIN NMpPaBUJIBHO yKasdaj, UTO MCTOUYHUK TEMHBIX CIIEK-
TPaJAbHBIX JUHUN — coJiHeuHasa arMmocdepa. Ilo monokeHUsAM B CIEKTpe
(T. e. IIMHAM BOJIH) ¥ MHTEHCUBHOCTSM 3THUX (PPayHTO(PEepPOBBIX JIMHUUA MOMK-
HO YCTAHOBUTH, KaKMe XMMUUYECKHNe 9JIEMeHTHI IIPUCYTCTBYIOT B COJIHEUHOM
at™mocdepe (puc. 109).

ConHue

Bogopog

Hatpuin

Kanbuuin

Maruunn

Keneso

PucyHok 109 — CooTBeTCTBME MeXAy NonoKeHnem ¢ppayHropepoBbixX NMHAN
COJIHEYHOrO CneKTpa N JINHUAMU XMMUYECKNX IEMEHTOB
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Y:Ke OTOKIeCTBIEHO B BUAMMOM 00JacTu creKTpa cBbimie 30 ThIC. IMHUHA
niasa 70 XuMuYecKUX 3JEeMeHTOB, IIPUCYTCTBYIOIUX B aTrMmocdepe CosHIla.
®dpayHrodepoBLl JUHUYU 0 MHTEHCUBHOCTU U IIMPUHE YPEe3BBIYANHO Pa3Ho-
o0pasHbl. AHAIN3 CIEKTPAJbLHBLIX JUHUHA IIOKA3aJI, YTO IPeodIafaloIuM dJje-
meuTOoM Ha CoOJHIlE ABJISETCS BOZOPOS — HA €ro J0JI0 IPUXOAUTCS IPUMEPHO
74 % wmaccel ComHIa, 0Koa0o 24 % NIPUXOAUTCS HA TeJuil u oKoyio 2 % —
Ha APyTHe 3JIeMeHTHI.

3. BHyTpeHHee cTtpoeHne. OCHOBBIBasACH Ha HaHHBIX O paguyce, Macce, CBe-
Tumoctu CoiHIla, Ha GUBHMUECKUX 3aKOoHaX (KOTOpbIe B CHJY CBOeHl YHUBEpP-
CAJIbHOCTHY IPUMEHUMBI U B YCIOBUAX APYTIUX HEOECHBIX TeJ), MOYKHO IIOJY-
YUTHh JaHHBIE O JaBJICHUU, IJIOTHOCTH, TeMIepaType U XUMUUYECKOM COCTaBe
Ha pasHBIX paccTroaHuax orT meHTpa Comnma. Ilpu nmpubiamxeHun K IeHTPY
ComHIla pacTyT, JOCTHUTAasA MaKCHUMAJbHBIX 3HAUEHWII, TeMIepaTypa, JaBJje-
HUe U ILJIOTHOCTh. XuUMUUYecKuil coctaB CoJIHIIA TOXKe pPasiMyaeTcs: IPOIeHT-
HOe cofep:KaHue BOIOPOAA MEHbIIIe BCero B IIEHTPE.

Bricoxkoe maBnenme BuHyTpu CosHIIA 00YyCJIOBJIEHO AefiCTBMEM BBIIIEJIEIKA-
X cJo€B. Cubl TATOTEHUS cTpeMaTca c:kaTh Comuie. UM mpoTHUBOAEICTBY-
IOT YOPYTOCTh T'OPSAYEro rasa 1 JaBJIeHUe U3JIYYeHUs, UAYIIe U3 Heap. OTH CU-
JBI cTpeMsaTcsa paciuputh Coaniie. TArorernune, ¢ 0gHON CTOPOHEBI, YIIPYTOCTD
ra3oB U JaBJIeHUE U3JIyUeHUs, C JPYToii CTOPOHbBI, YPAaBHOBEIIINBAIOT APYT APY-
ra. PaBHOBecue nmMeeT MEeCTO BO BCeX CJIOSIX OT ITOBepXHocTHU m0 IeHTpa CoiHIIA.
Taxoe cocrosune CosiHIIA 1 3BE3T HA3BIBAETCS THAPOCTATHUYECKUM PABHOBECH-
eM. ITa mpocrad ugesd ObLia BeIZBUHYTA B 1924 r. aHTINIICKUM acTPO(UIUKOM
Aprypom IpmuurronoMm. OHa IMO3BOJIMIA COCTABUTH YPABHEHU, II0 KOTOPHIM
PacCcUnTHLIBAIOT MOJEIN BHyTpeHHero crpoeHus CoJIHIla, a TaK:Ke APYTuX 3BE3I.
Taxue Momean IPeACTABIAIOT CO00II COBOKYITHOCTh IIapaMeTPOB 3BE3IHOIO Be-
IecTBa (TeMmepaTrypa, JaBjeHue, ILJIOTHOCTh W T. J.) Ha Pas3HbIX ITyOMHAX.
B Tabaurme 13 mpuBemeHa Tak HasbIBaeMas MOIeJIb BHYTPEHHETO CTPOEHUS
CoaHIia, T. €. 3aBUCUMOCTE €r0 (DU3MUYECKUX CBOMCTB OT IJIyOMHEI.

Tad6auma 13 — Moaeas BHyTpeHHero crpoennsa CoaHia

Paccrosanue ot neHTpa Temneparypa JdaBienue IInorHOCTH
R/Ro T, K p, a p, x 10® xr/m®
0 1,5 - 107 2,2 - 1016 150
0,2 1,0 - 107 4,6 - 10%° 36
0,5 3,4 - 10° 6,1-10% 1,3
0,8 1,3 - 10° 6,2 - 101 0,035
0,98 1,0 - 108 1,0 - 10° 0,001
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Kak BugHO M3 TabiuIpl, TeMIIepaTy- 30Ha KoHBekuuy  30Ha nepeoca
pa B nmeutpe Comumna (R/Rg = 0) moctu- JIy4ncIon sHeprum

raetr 15 MJIH TPazycoB. VIMEHHO B 9TOH  [AANINECA: € Ootocdepa
ANEPHbIX PEaKLiAlA

o0sacTu, 30He AMEePHBIX PeaKIuii, remHe-
pupyercsa sueprus CoaHIa.

Mg y:xe 3HAeM, UTO COJTHEUHOE Bellfe-
CTBO B OCHOBHOM COCTOUT M3 BOIOPOJA.
IIpu OrpOMHBIX AABICHUAX U TE€MIIepaTy-

ol i
pax mpoTOHHI (AZpa BOAOPOAA) ABUMKYT- Mporybepatieu g ¥
CS CO CKOPOCTAMHE B COTHU KHJIOMETPOB B o A B o
cexyHny. Bayrpu CoxHna (Ha paccTOSHU- % - Xpomocepa
ax go 0,3 paguyca OT IeHTpa) CO3TaI0TCA \ Kopams /

yca0BusA, OJIATrONMPUATHBIE IJA IIPOTEKa-
HUSA TepMOAIEePHLIX peaKINil mpeBpaiiie-
HUS aTOMOB JIETKUX XUMUYECKUX DJIeMEeH-
TOB B aTOMBLI Gojiee Tskénanie (puc. 110).
W3 anmep Bomopona obpasyercsa reauii. [[nsa oOpasoBaHuA OJHOTO fAApa Te-
aus Tpebyerca 4 sapa Bogopoga. Ha mpoMesKyTOUHBIX CTaauAX 00pasyroTcs
Anpa TAXKEI0ro Bogopofa (meiirepusa) u anapa usoroma Hed. Dra peaxnusa na-
3bIBAaeTCA MPOTOH-MPOoTOHHOM (puc. 111). Ilpu pearkmmu HeOOJBIIIOE KOJIHUYE-
CTBO MAacChl PearHPYINNX AAeP BOAOPOJIa TepAeTcA, Mpeodpasysach B OIPOM-
HOe KOJIMYECTBO SHEPTruu. BhIIeUBIIAACT SHEPTUs MOAIeP:KUBAET U3IyUeHUe
Cosana. Yepes ciaon, OKPYsKaIIre IEHTPAIBHYIO YacTb 3BE3AbI, 9Ta DHED-
rus nepenaérca Hapy:ky. B obaxactu ot 0,3 mo 0,7 paguyca ot nentpa CosHia

PucyHoK 110 — BHyTpeHHee
cTpoeHune ConHua
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PucyHok 111 — Cxema NpPOTOH-NPOTOHHOWN peakuumn: p — NPOTOH; h — HENTPOH;
2D — appo peiitepus; *He, *He — appa n3otonos renus; e — Nos3nTpoH;
V — HEeNTPUHO; Y — raMMa-KBaHT
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HAXOAWTCs 30HA JIyYHCTOTO PABHOBECHS JHEP-

f\\) O THH, TJe SHepPrusd PaclIpoCcTpaHdeTcsa uepes
G MOTJIOIIeHNe U U3JIyUYeHre Y-KBAHTOB.

{ v Poxxpatomueca B menTpe CouHita ramMma-

KBaHTBHI MMEIOT SHEPrui0 B MUJIIMOHBI Pas3

()“" A’O OOJIBIITYI0, YeM SHEePrus KBAHTOB BUIMMOTO

cBera. /lJiMHA BOJHBI raMMa-KBAaHTOB OUYEHb

0 ? Q MaJia. B mpoiiecce mOTJIONIeHMsST KBAHTOB aToO-
q M\ MaM¥M U JaJbHEHIIero MxX IIepeus3aydeHUsd

U \J OPOUCXOAUT MOCTEIIeHHOEe yMeHbIIIeHNe UX

SHEPruu W yBeJWUeHWe IJIWHBI BOJHBEI. Ko-
JIMYECTBO KBAHTOB BO BpPeMsA BTOTO IIpoIlecca
Bo3pacraeT. MoIrHbIe TaMMa-KBaHTHI IIOCTE-
EeHHO Apo6ATCcA Ha obJiafalonime MeHbIIeH
9Hepruei: BOBHUKAIOT PEHTTEHOBCKUE, YJIb-
TpaduroseToBbie M, HAKOHEIl, BUAUMbIE 1 WH-
dpaKpacHble JIy4Yu.

B o6mactu mocienneir Tpetu paguyca CosrHIIa HAXOOUTCA KOHBEKTHUBHASA
30Ha. 3/1eCh DHEPIruA MEePefaéTcsa He MBJIYUEHUEM, a IIOCPEJCTBOM KOHBEK-
nun (mepemerniuBanusi, puc. 112). IIpuumnHa BOSHUKHOBEHUS KOHBEKIIUU B
HapyKHBIX cjoax CosHIIA Ta Ke, YTO U B COCYyZe C KUIIAIMIEeH BOMOM: KOJIU-
YeCTBO 9HEPr'UH, MOCTYIAIoIlee OT HarpeBaTessa, ropasao 00JbIle TOT0, KOTO-
poe OTBOAUTCS TEILJIOIIPOBOAHOCTHIO. I10ATOMY BeIlecTBO MPUXOAUT B JBUIKE-
HIUE U caMO HauWHaeT IepPeHOCUTh Telyio. KoOHBeKTUBHAA 30HA IPOCTUPAETCA
MpakTUYeCKHU O0 camMoii Bugmmoii mosepxHocTu Comuia (porochepsn).

PucyHoK 112 — JHeprus
nepepaérca nslyuyeHneMm ot agpa
ConHua. MaBHbIM NEPEHOCYNKOM

SHeprumn y noBepxXHoCTn

CTaHOBUTCA KOHBEKLMA

4. NcTtouHukM aHeprum. AHaIN3 XIMUYECKOTO COCTAaBa 3€MHBIX, JIYHHBIX
IIOPOJ M METEOPUTOB YKasbIBaeT Ha TO, uTo CojlHeuHas cucTemMa o0OpasoBa-
Jachk oxoJo 4,7 mapza jger Hasan. CoaHIle, IO COBPEMEHHBIM JAaHHBIM, CYIIle-
CTBYeT OKOJIO 5 MJIpPJ JeT. 3a mocjaefHre 3 MJIPJH JIeT ero CBeTUMOCTb IOUTH
He naMeHmgach. Iloauas sueprusa CosHIla, BhIAEeJEHHAS 34 9TO BpeMs, paBHA
Eg~ Lot = 3,5 - 10*3 II'x. Pagmenus aTy BeJIMUNHY Ha MOJIHYIO Maccy CoiH-
11a, IOJYUYNM, UTO KAXKALIN KUJIOTPAMM COJIHEUHOI'O BEI[eCTBAa BBIAEJIMUI OKO-
70 1,8 - 10'® II:x sHeprum. PeanbHo 5Ta BeIuunHa emjé GOJBIIE, TAK KAK MBI
He Y4JIu IepBble 2 MJpA JeT. Hu ogHO XMMHYeCKoe ropouee He MOXKeT o0e-
CIIEUUTH TAKYIO BEJMUYNHY BHYTPEHHEHN SHEPruy, KOTOPYIO MOJKET BBIJEJIUTH
1 KT COJIHEeUHOTO BeIllecTBAa.

B cpennem CosHIle TepseT mpuUMepHO 4 MJIH TOHH BOAOPOJA B CEKYHIY.
Ha mepsBoIit B3TJIAL 9Ta BeJIMUYNHA MOXKET IMOKa3aThesA orpoMHOM. OgHAKO OHA
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HUUTOKHA IO CPABHEHHUIO ¢ IMOJHO# Maccoii Comuiia. PacuéTsl mOKas3LIBAIOT,
YTO BOZOPOLA B HeApax AOCTATOUHO AJIA HMoAAep:KaHuA cBeueHus CoJHIIA HA
COBpPEMEHHOM YPOBHE eIlé Ha MPOTAKEeHNN 5 MJIPJ JeT.

I'maBHBIC BBIBO/bI

1. Conume — emumHcTBeHHas 3Be3ma B CoaHeuHOll cucTeMe, Ipen-
CTaBIAOIAA CO00M ropauYMi IIJIa3MEHHBIN IIap, JUaMeTp KOTOpPOoil
oouibitie guamMeTrpa 3emuan B 109 pas um macca xoropoit B 330 Thic. pas
00JIbIlle MACChI 3eMJIN.

2. KoinuecTBO JIyUMCTON SHEPruM, €XKeCEeKYHIHO IIOCTYIIAIIINel oT

CO.HHI_Ia Ha eIUHUIY IIJIOIIaau 3eMHOM IIOBEPXHOCTHU, — COJIHEYHAad II0-
CTOAHHAaA — IIPAKTHUYECKHW HE€ MEHAEeTCA Ha INPOTAMNEHMNUN MUJijaumap-
OB JIET.

3. IIpeobaagaIMMy XUMUYECKUMU djaeMeHTamMu Ha CoJIHIle ABJIA-
IOTCS BOJOPOJ U TeJIUH.

4. Ucrounukom sueprun CoJIHIIA ABIAIOTCSA PEaKIIUN TEPMOSILEPHO-
ro CHHTEe3a, IPOTEeKAaIoIlie B ero Heapax.

KOHTPOﬂbeIe BOMNPOCbI N 3afaHnNA

1. Yt0 Takoe conHeuyHasa NocToAHHaA? Kak eé onpepenvnun?

2. Yto noHmmatoT nop ceetumocTtbio ConHua? Yemy oHa paBHa?

3. Kakne xummnyeckue snemeHTbl ABNATCA Npeobnagaowumn ans ConHua?

4. OnuwwmnTe BHYTpeHHee cTpoeHmne ConHua.

5. Ha Kakue 30HbI YCI0BHO noppasgensatotca Hegpa ConHua? Kakne npoueccbl npounc-
XOOAT B KaXKAOW U3 3TUX 30H?

6. UTO ABNAETCA UCTOUYHNKOM CONTHEYHOW SHeprumn?

§ 20. CtrpoeHune conHeyHon atmocdepbl

1. X otochepa. uck CosHIla KasKeTcA PE3KO OUYEPUEHHBIM. JTO IIPOMUC-
XOJUT TOTOMY, UTO MIPAKTHUUECKHU BCE BuAuMOoe usaydeHne COTHIIA MCXOIUT
U3 OYeHb TOHKOrO cjaos — (porocdepsr. Craboe mssyuenme 00jee BBICOKUX
cs10éB ConHIIA MOYKHO HaOJIIOATH BO BPEMS IIOJHOTO COJTHEYHOTO 3aTMEHUS,
Korza auck JIyHBI IOJIHOCTBIO 3aKpHIBaeT (hoTochepy ¥ CTAHOBATCA BUIHBI
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2
i~
PucyHok 113 — CtpoeHue conHeuHon atmocdepbl: T — dpotocdepa; 2 — nATHa;

3 — npoty6epaHel; 4 — BcnbllKa; 5 — xpomocdepa; 6 — conHeuyHasA KOPOHa;
7 — KOpOHanbHble nyumn

xpoMmocdepa 1 KopoHa. Porocdepa, xpomochepa U KOpoHA 00PaA3YIOT aTMOC-
depy Coauna (puc. 113).

Tonmuua dorochepsr He mpeswimaer 300 KM. B Telreckom BUIHO, UTO
BcA moBepxHocTh CoJIHIIA MOKPBITA I'PaHyJaMU, KamKIasd TUaMeTPOM OKO-
Jgo 700 xM. ITO OrpOMHLIE ITY3BIPU IIJIa3Mbl. PUCYHOK, KOTOPBIA 00pasy-
IOT TPaHyJbl, IIOCTOAHHO M3MeHsdeTcA (OyKBajabHO 3a 5—10 MuH oHHM ycme-
BalOT MOABUTHLCSI W MCUE3HYTH). [l1asma B rpaHy/iax HOTHMMAETCS BBEPX
W, OCTHIBasg, B MEXXI'PaHYJBbHBIX IIPOCTPAHCTBAX OmycKaeTcsa BHHU3. IloaTo-
MY PasHOCTH TEMIIEPATYP I'PAHYJ M TEMHBIX HpoMeXyTKOB gocturaetr 600 K.
IIpomecc moCTOTHHOTO BO3HUKHOBEHUA U
WCUYe3HOBEHUS TPaHyJ B (orochepe HA3BI-
BaeTcs rpaHyiadanueii. CaMble IpUMeTHBIE
00bekThl Ha COJIHIIE — 9TO TEMHBIE IATHA
(puc. 114, 115). JuameTpsl IATEH WHOTIA
mocturaioT 200 Teic. kM. CoBceM MaJieHbKUE
ISTHA HA3bIBAIOT IIOPaAMMU.

Kapruma cosHeuHBIX HATEH, XOTd U He-
CKOJIbKO MeJlJIeHHee, TaKiKe MOCTOAHHO MEHs-
eTcs: MATHA IOSABJAIOTCA, PACTYT M pacHama-
forca (puc. 115). Bpems Ku3HU TPy IIATEH
cocraByseT aBa uam Tpu obopora CosHIla BO-
Kpyr cBoeii ocu. IlaTHa XoJiogHee OKPYIKaro-
et gporocepsr HA 2—2,5 THIC. IPAAyCOB, II0-
3TOMY Ha 00I1eM (poHe COJIHEUHOTO AMCKA OHU
BRITVIALAT TemMHee. CoJIHeUHBIE HATHA OOLIYHO
PucyHok 114 — ConHeuHoe nNATHO  TTOSABJIAIOTCSA IPYIIIAMHU B IIpefesax HeOOJbIIOon

n ¢potochepHas rpaHynAums 0o0JiacTy, BBITAHYTON HapaJlIeIbHO dKBAaTOPY.
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PucyHok 115 — [JuHamMuKa n3ameHeHUsA pasmepoB 1 GopMbl Fpynnbl COMHEYHbIX MATEH.
BcnepcteBume BpaweHna ConHua rpynnbl NATEH KaXKyTCA NepemMellalouMnca no gucky

IIo pasmepam B rpylilie BBIAEIAIOTCSA ABA IIATHA: TOJOBHOE (3amamHoe) MSATHO,
upyiee Buepeau mo Bparienuto COJHIIA, 1 XBOCTOBOE.

Cucrematuueckue HAOJIOAEHUS COJHEUHBIX ISATEH MMOKAa3bIBAIOT, UTO
Counile BpalaeTcss B HAIpaBJIeHUY ABUKEHUA IJIAHET U IJIOCKOCTb COJIHEU-

HOTO DKBATOPa HAKJOHEHA K ILIOCKOCTU SKJINITUKHU Iox yriaoMm 7°15°. Taxxke
00HapYy KeHo, UTO yIJIOBasA CKOPOCThL BpalneHus CoJsiHIla yOLIBAET OT DKBATO-
pa K moiiocaMm. Ilepuon Bpamrenus CosiHila msMeHseTcA OT 25 CYyTOK Ha 9K-
BaTope 70 30 CYyTOK y IIOJIIOCOB.

MuoroserHre HabMOAeHNa 00pasoBaHus naTed Ha CosHIle ITOKa3all, YTO
UMeIOTCA IMUKJINUecKue Kosiebanua umcia nsareH. MIHorma ux He GbIBAeT CO-
BCEM, a MHOTJA OJHOBPEMEHHO BOBHUKAIOT AECATKU KPYHHBIX IaTeH. Cpen-
HSA TPOJOJIKUTENLHOCTh TAKOTO ITMKJIA COCTaBJAeT mpuMepHo 11 jer.

Kpome maren, B porochepe HabmomaroTca (pakeabl — spKUe 00JIACTH, B
30HE KOTOPLIX YAaCTO M PA3BUBAIOTCA TEMHBIE IATHA. DaKeJbl UMEIOT CJIOMK-
HYIO BOJIOKHUCTYIO CTPYKTYPY, UX TeMIOepaTypa Ha HEeCKOJBbKO COTEH I'paay-
COB IIPEBLBIIIIAET TeMIlepaTypy (poTocdepsl.

Ob6pasoBanune maTeH 1 (haKeJoB CBA3AHO ¢ MATHUTHBIM moJjeM CoJrHIia.
Wuanyxinua marauTHoro moJisa CoJiHIIa B cpeJHeM B ABa pasa BBIIIE, UeM Ha
TMOBEPXHOCTU 3eMJM, OJHAKO B MeCTax IOABJEHMUSA COJHEUHBLIX IATEH OHAa
yBeJIMUYHUBAeTcA B ThicaAuu pas, mocturaa 0,5 Tia. 3To mpuBOAUT IepBOHA-
YaJIbHO K 00JIETYeHUIO KOHBEKIIVYM U MOABJIEHUIO (DaKesa, a IIoOTOM — K OcJa-
OJIEHUIO U IIOSABJIEHUIO TEMHOTO IIATHA.

2. Temnepatypa dotochepni. B HenpepriBHOM cueKTpe CosHIIa MaKCH-
MaJbHAA SHEPTUA UIJIYUYEeHUS MPUXOIUTCA HA AJUHY BOJHBI Ay, = 470 HM.
Torma mo 3akoHy cMelleHus BuHa mmosryguaeM TeMIepaTypy:

10,0029
»

max

T , orkyza T = 6200 K.
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PucyHok 116 — M3meHeHuA npoTy6epaHLua, HabnogaBLLerocs B TeeHNe HECKONIbKUX YacoB

3. BHewHwve cnou atmochepbi: xpomochepa n kopoHa. Hax dorocdepoit Ha-
xoautcsa xpomocdepa Connma. O6mias e€ npoTsakénHocts 10—15 ThIc. KM.
TemmepaTypa B xpomocdepe ¢ BbIcOTOI He magaer, a pactétr ot 4500 K mo
HECKOJIbKUX MEeCATKOB ThicAY. Mamyuernue xpoMmocdephbl B COTHU pas3 MEHBIIIEe
doTtochepHOro, MOTOMY A1 €€ HAOIIOAeHUA IPUMEHSAIOT CIIeluaJIbHble Me-
TOZABI, IIO3BOJIAIOIINE BBHIIEIATE cjiaboe manyuenue. Xpomocdepa BecbMa He-
OJHOPOAHA U IIPeACTaBJSIETCSA HAOJIOZAaTeN 0 B BHUIE IIOCTOSHHO BBIOIITUXCS
IIPOJIOJITOBATHIX A3BIUKOB — CHMKYJ — JauHON mopAxaka 10 Teic. kM. Com-
KYJIBI BRIOPACHIBAIOTCSA M3 HIMKHEN xpomocdepsl co ckopocTamu a0 30 Km/c;
BpeMs UX JKM3HU COCTABJIAET HECKOJIHKO MUHYT.

Ha kparo conHeuHOro AMCKa XOPOINO BUAHLI NMPOTyOepaHIBI (CM.
puc. 110, 113) — mioTHBIe KOHAEHCAIIY BeIleCTBa, MOAHAThIe HaJ MOBEPX-
HOCTBIO JUHUAMN MATrHUTHOTO MHOJIS B BUAE apOK WJIU BbICTYIIOB (puc. 116).
IIpoTy6GepaHIibl GBIBAIOT CHOKOMHLIE, AKTUBHLIE 1 9PYITUBHLIE, BLIIEIAIOTCS
Ha ()OHE KOPOHEI, TAK KaK MMEIOT 00jiee BLICOKYIO ILIOTHOCTh. CKOPOCTEL IBU-
JKeHUMSA BeIllecTBa aKTUBHBIX IIpoTybepaHieB gocturaer 200 KM/c, a BBICOTa
nmoabéma — 10 40 pagmycoB 3emJu.

Ha Connme mHabamoogaoTca B3PBIBHBIE BBIOPOCHI SHEPrHUH M BeIlecTBa
(co cropoctrio 70 100 ThIC. KM/C), OXBaAThIBAIOIIIE 3HAUNTEJIbHBIE 00JaCTU
IIOBEPXHOCTHOTO ¢J0SA — BembIKHU (puc. 117). 9Tt aprkue obpasoBaHusd Cy-
IITECTBYIOT OT HECKOJbKUX MUHYT A0 3 yacoB. OOLIYHO COJTHEUHBIE BCHBIMIKI
IIPOXOAAT BOIM3M OLICTPO PA3BUBAOIIUXCA I'PYIII COJTHEUHBIX MHATEH.

CoaneuHnast KOpoHa — caMas paspeskeHHas U ropsuyas obosouxa CosHIIA,
pacIpocTpaHaIonNIasca OT Hero Ha HeCKOJbKO COJHEUHBIX PAIUyCOB M MMeIO-
Iasg TeMIepaTypy ILasMbel oT 1 o 2 MurH rpagycoB (puc. 118).

SIpKocTh COTHEUHOU KOPOHBI B MUJLJIMOH pas3 MeHbIe, ueM (hoTochepshl.
ITosTomMy HAGJIIOIATL CONHEUHYI0O KOPOHY MOXKHO BO BpeMs IIOJIHBIX COJIHEU-
HBIX 3aTMEHUU WMJU C IOMOIIBLIO CIEMNAJIbHBIX TeJeCKOIIOB-KOPOHOTPadoB.
Bricokasa TeMIiepaTypa M paspeskeHHOCTh KOPOHBI HOATBEPKIeHAa CIeKTPab-
HBIM aHaJIM30M, 4 TaKyKe M0 €€ paguo- U PEeHTTeHOBCKOMY M3JIYUYEHUIO.
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PucyHok 118 — ConHeuyHaa KopoHa
PucyHoK 117 — Bcenbiwka Ha ConHue BO Bpems 3aTmeHua ConHua

HarpeBaHne KOPOHBI A0 BBICOKUX TEeMIIEPATYpP OCYIIECTBJISIETCS 3a CUET
mepenauy SHePTuu KoJie0aTelbHbIX (KOHBEeKTUBHBIX) ABUKEHUN BEIleCcTBa U3
(dorocheprl. BoaHEI (¢ YacTOTOI 3BYKOBBIX KOJe6aHUI) B KOPOHE, I'e IJIOT-
HOCTB BelllecTBa OBICTPO yOBIBAET, CTAHOBATCS yaapHbIMU. OHM OBICTPO 3aTy-
XaioT, IIPOMCXOIUT IIpeoOpazoBamre MeXaHUUYECKOH SHEPTUU BOJH B TEILIO.
W3-3a BHICOKOU TeMmOepaTyphbl IIJIOTHOCTh KOPOHBI yObIBaeT MeIJIEHHO, II0-
9TOMY caMble BHeITHUe cjou aTmochepbl CosHIla TAHYTCA BILJIOTH IO OpOM-
ThI 3eMJIn.

4. MarHuTHble NnoJsis U akTUBHble obpasoeaHuAa. Macca, paguyc, KoJaude-
CTBO dHepruu, uaaydaeMoii COJIHIIEM, OCTAIOTCA MPAKTUYECKUN IITOCTOSHHBI-
MU, HO Ha BCeX YPOBHAX COJIHEUHOI aTMocdepbl HAOJIIOAAIOTCA CTPYKTYPHbIE
00pasoBaHUs, UBMEHAIONINE CBOU (pusmuecKkue mapaMeTpbl Bo BpemeHu. Co-
BOKYITHOCTH HECTAIIMOHAPHBIX IPOIECCOB,
MePUOINYEeCKY BOSHUKAIOIIUX B COJIHEU-
HOUl aTMoc(epe, HA3LIBAETCS COJTHEUHOM
AKTUBHOCTHIO. IIposBIeHMEM COJIHEUHON
aKTUBHOCTU SABJAIOTCA MATHA, (paKesJbl B
doTochepe, IpPoTyOEepPAHIbI, BCILIIIKN U
BBIOPOCHI BelllecTBa B aTMoc(depe U KOpPo-
He. Mecra, rie oHM BO3HUKAIOT, Ha3bIBa-
I0TCSI AKTUBHBIMH o0aactamu (puc. 119).
Bce axTuBHBIE 00pa3OBaHUS B3aUMOCBS-
3aHBI MEXKJIY CO00Ii C IIOMOIIBIO M3MEHIO-

PucyHok 119 — ConHue

Ia IPUCYTCTBYIOT B aKTUBHBIX 00JaCTAX ApKue mecta — obnactu
Conura. IleHTpbl aKTUBHOCTU, 3aPOKIAACH  MPOABNEHNA CONHEYHOW aKTUBHOCTM
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Ha HEKOTOpol riaybuue mox ¢orocdepoii, MPOCTUPAIOTCS B BUIE SAPYCOB Ia-
JIEKO B COJIHEUHYIO KOPOHY.

He ToabKO MOsABIeHNE IATEH, HO W COJTHEUHAS aKTHUBHOCTH B I[€JIOM HMe-
0T 11-1eTHIOI0 IMUKJINYHOCTL (KojiebaHme ITMKJIOB (paKTHUYECKU IIPOXOIUT B
mpegenax ot 7,5 mo 16 mer).

TI'1aBHBIE BHIBOIBI

1. Braemuasa rasoBasa obosgouka CoaHITa — aTMocdepa — COCTOUT M3
doTochepsnl, XpoMochepbl 1 KOPOHBI.

2. JloxkanbHbIe, IMEPUOAUUYECKN BO3HMKAIOINNE M3MEHEHUS MATHUT-
HBIX TOJIeH, MOPOKIAI0OT aKTUBHEIE IIpollecchl B atrmochepe CoirHiia.

3. AxTuBHbIe Ipolecchl Ha COJHIE ABJSIOTCA IPUUYNHON BO3HUK-
HOBEHUS B CJIOIX aTMoc(ephl IATEH, (haKeJoB, IPOTyOEePaAHIIEB, BCIILI-
IeK u Ip.

4. CosmHeuHble BCHOBINIKKM — HauboJiee MOIIHBIE B3PLIBHBLIE IIPOIIEC-
cel B atmocepe CouHIIA.

5. ComHeuHasA aKTUBHOCTL nMeeT 11-JIeTHIO MUKJINYHOCTD.

KoHTponbHble BONpocbl 1 3agaHnA

1. U3 Kakux obonouek coctont atmocdepa ConHua?

2. Yto Takoe ¢otocdepa ConHua?

3. Kakne o6XekTbl xapakTepHbl ana ¢oTtochepbl ConHua?

4. Mouemy COnHeuHble NATHa TeMHee, yem poTocdhepa?

5. Yto noHmMmaloT nog rpaHynaumen?

6. Yto noHumatoT nop xpomochepoin n KopoHon ConHua?

7. Kakune aBneHus HabnogatoTca B xpoMmocdepe n kopoHe ConHua?
8. Yto Takoe conHeuyHaa akTUBHOCTb N KakoBa €€ LMKINYHOCTb?

§ 21. Bananmne ConHua Ha XN3Hb 3emMnn

1. IHT@HCUBHOCTb CONMHEYHOro M3J/lyYeHUs BHe ONTUYEeCKOro AuanasoHa.
AyeKTpoMaruuTHoe usaydeHre CoJIHIIa, MAKCUMYM KOTOPOI'O IPUXOAUTCS Ha
BUIMMYIO YacCTh CIIEKTPAa, IPOXOIUT CTPOTUii OTOOP B 3eMHOII aTMoc(epe.

B yabTpadmoseToBOM M PEHTTEeHOBCKOM AMAIIA30HAX MOIIHOCTL COJHEY-
HOI'0O MBJIYyUYEeHUA Pe3KO YMEHbIIAaeTCd — B COTHHU THICAY pas II0 CPaBHEHUIO
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C MOIITHOCTHIO MB3JIYyUEHUs B ONTUYECKOM AmamnazoHe. Ho eciii B onTuYecKOM
nuamnasoHe CoJiHIle ABJIAETCS MOCTOSHHOM 3BE3JI0H, TO M3JyUueHUEe B KOPOT-
KOBOJIHOBO¥ 00JIACTH CIIEKTPA 3aBUCUT OT COJHEUHON aKTUBHOCTU, YBEJIUUMN-
BasACh WJIM YMEHBIAACh B HECKOJBKO pas3 B TeueHue 11-JeTHEr0 COJTHEUHOTO
nukga. CuabHO BO3pacTaeT IIOTOK KOPOTKOBOJIHOBOT'O M3JIyUYEHUS BO BpeMdA
COJTHEUHBIX BCITBIINIEK. VI3 HMMKHUX CJIOEB XpoMochephbl MCXOAUT yabTpadu-
0JIETOBOE MBJIyUeHMe, MaKCUMaJbHAaA MHTEHCUBHOCTh KOTOPOTO MOMKET B JBa
pasa IpeBLIINIATh MUHHMAJbHOEe 3HaueHue B 11-meTHeMm 1mukJje. OcHOBHOE
PEHTTEeHOBCKOE MBJIyUeHNe UCXOMUT OoT KopoHbl CosHILA.

PenTrenoBckoe u yabrpaduosieroBoe usayueHue CoJIHIIA ITOTJIONIAETCA B
BePXHUX cJ0AX aTMochepsl 3emun. OHO MOHMBUPYET ras3sl 3eMHOI aTmoche-
pbl. IOHMBMPOBAHHBIN CJION BepxHeil aTMochephbl 3eMIu HABHLIBAETCS HMOHO-
cepoii. OTparkeHre KOPOTKUX PAAUOBOJIH OT MOHOC(hEPHl 3eMJIU MCII0JIb3Y-
eTcs B paamocBA3u. IIpu CHMJIBHBIX BCIJIECKAX COJHEYHOTO PEHTTEHOBCKOTO
U3JIYUYEeHUSA 13-3a COJTHEUHBIX BCHBIIIEK HAPYIIAETCSA CBA3h HA KOPOTKUX pa-
IMOBOJHAX.

HOauHHOBOMHOBOE (MATKOE) yabTpaduosieToBoe muaiaydeHue CoaHIIA CIIO-
CcO0HO MTPOHUKATH M0 BhIcOTHI 30—35 KM B armocdepy Semuu. Tam oHO pas-
nIesseT MoJieKysry Kucyiopoga Oy Ha Ba cocTaBasioniux eé aroma. CBOOOIHBIE
aTOMBI, COEIUHAACH C MOJIEKYJaMU KUCJI0poaa, o0pasyioT HOBOE BEIECTBO —
030H, KayKJad MOJEKYJa KOTOPOTO COCTOUT M3 TPEX aTOMOB KHUCJIOPOJa.

O30HOBLBIH CJIOH IOTJIONIAET IIPAKTUYECKH BCE yabTpadmoeToBOe U3JIyde-
Hue CoJIHIIA, OCTABJIAA JIUITH MAJIYIO JOJIO, JOCTATAIOIIYIO IIOBEPXHOCTU 3eM-
JI1 ¥ BBI3BIBAIOIIYIO V JIIOJE O0KOTU KOMKM, KOTOPBhIe HA3LIBAIOTCS «3arap».
Korma TosmmHaa 030HOBOTO CJIOS YMEHBIIIAETC, COTHEUHOE YILTPA(UOJIETOBOE
U3JIyueHre MoKeT Bo3pacTd B 1,5—2 paza. Torga sTo usiyueHUe CTAHOBUTCA
OYeHb aKTHUBHBIM 1 MOKET BHISLIBATDH 3a00JIeBaHME PAKOM KOXKH.

2. ConHeuHbln BeTep. HenmpepbIBHBIN pacHIupPAOIINNCA TOTOK pa3peskeH-
HOIi I1J1a3MBbl, PagUaabHO UCXOAAIUHi oT COJIHITA BIOJIDL JUHUN HAIPAIKEHHO-
CTH MATrHHUTHOTO IIOJIA UM 3aHOJHSIONIUN cO00M MeKIIJIaHeTHOe IIPOCTPAHCTBO,
Ha3bIBaeTCA COJTHEUYHBIM BeTpPoM. B ero coctaB BXOIAT IPOTOHEI, 3JIEKTPOHEI,
a TaKKe O-UaCTHUIILI U B He3HAUNUTEJIbHBIX KOJUUYECTBAX PSS BHICOKOMOHU3U-
POBaHHBIX aTOMOB (KMCJIOPOJZ, KpeMHUII, cepa, Keaes30). CKOPOCTb YaCTHIL
COJIHEUHOT'0 BeTpa yBeJuumBaeTcsa mo mepe yaaidenus ot Cosnia. Bomusu
3eMyM cpegHAA CKOPOCTH COJTHEUHOTO BeTpa mocturaer 450 Km/c, a mjioT-
HOCTBH COCTABJIAET HECKOJbKO YACTUIl B KyOMUYECKOM CaHTHUMETpe.

IToTok coJHEUHOM NIJIasMbl He MOKET IIPeO0JoJIeTh IPOTUBOJIEHCTBUE
MaTrHUTHOTO IIOJIg 3eMJu M o0TeKaeT ero. IIpm sToMm oOpasyeTcs IIOJIOCTH
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KarreobpasHnoii popmbel — marauTocgepa (puc. 120). Co croporsr ComHIa
OHAa c)KaTa JaBJIeHMEeM COJHeUHOro BeTpa. I'pamuna marautocdepbl, 00paIéH-
Has K CoJHITY, HAaXOAUTCS Ha PAcCTOSHUMU, paBHOM B cpeaueM 10—12 paamy-
coB 3emuau. C IPOTUBOIOJIOMKHOMN (HOUHOII) CTOPOHBI MarumTocepa BBITA-
HyTa II0J00HO XBOCTY KOMETHI m pactaruBaercsa Ha 6000 pagmycoB 3em.u.
C uaMeHEeHMEM CKOPOCTH U TJIOTHOCTU YACTHUIL COJITHEYHOTO BeTpa U3MEeHSeT-
ca u popMa MarHuTocdepsl.

3. ConHeyHo-3emHble cBa3n. ColHeuyHass aKTUBHOCTh OKA3LIBAET CHJIbHOE
BJINSHIE B IMEePBYIO ouepelb HA BHEIHIE 000JOUKN 3eMJIU — MaruuTochepy
1 nouocdepy. Bo BpeMsa MOIITHBIX COJHEUHBIX BCIILIIIEK YACTHUIILI MOT'YT pas-
roaaTrsecsa o 100 000 kMm/c, T. e. BOBHMKAIOT KOCMHUUYECKHE JIYUYU COJTHEUHOTO
npoucxoxkaeHusa. Ilox Bo3melicTBMEM COJHEUHBLIX KOCMHUYECKHX Jydeil oopa-
dyeTcsa oKkuch azora NO, KoTopas, B3amMOAEHUCTBYSA C 030HOM, aKTHUBHO €TI0
paspymaer 3a cuér peaknuu NO + O3 — NOy + O,. Ilociie MOIITHBIX BCITBI-
mek Ha CoJHIle HabJogaeTcA IMOHUMKEHNE COMepKaHUsa 030HA B cTpaTocde-
pe Hajg IMONAPHBIMY IMAITKAMA SeMJIN.

C moMmoIbio KopoHorpadgoB, YCTAHOBJIEHHBIX Ha KOCMHUYECKUX AaIlapa-
Tax, PEruCTPUPYIOT I'PAHAMO3HbIE BEIOPOCHI BEIECTBA M3 BO3MYILEHHOM KO-

MarHntHas ocb MarHuTHaa sKBaTopuasnbHas
MIOCKOCTb
HanpaBneHue cnnoBbix
JIMHUI MarHWTHOTO Mons

ConHeuHbin
BeTEp

YoapHas J /

XBOCT mMarHuTochepsbl

CENVEIIEE
nosca

PucyHok 120 — Cxema o6pa3oBaHuA marHutocpepbl 3emnu
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poubl Comuia. OropBaBiuiicss or CoJIHIIA CTYCTOK KOPOHAJBLHOM IIJIa3MBbI,
HecyIuii BHyTpU cebs 3aMKHYTYIO IIeTJII0 MAarHUTHOTO IIOJIA, Ha3bIBAETCS KO-
POHAJBHBIM BBIOPOCOM MAaCCHI.

CTOJIKHOBEeHMe IIJIa3MeHHOTOo o0Jaka ¢ MarHuTochepoil 3eMIn SABIAETCS
MPUYNHON e€ CHJIBHOTI'O BO3MYIIeHUsA. BosmelicTBHe KOPOHAJILHOTO BBIOPO-
ca MPUBOAUT K BOSHMKHOBEHHUIO CHJIbHBIX MArHUTHBIX OYpb, K PasorpeBy U
YCKOPEHHIO MJIasMbl BHYTpu MaruuTochepbl. IIpu 9ToM ObICTPBIE IPOTOHEI U
DJEKTPOHBI, CTAJIKMBAACHL C MOJIeKyJaMu Bo3ayxa Ha BeicoTe 100—200 KM,
MOHUBYIOT UX U 3aCTABJIAIOT CBEeTUTHCA. B pesyibTaTe 9TOro Ha 3eMJje, Ipe-
UMYIIIECTBEHHO B OKOJIOMOJIAPHBIX IMINPOTAX, HAOJIIOLAIOTCA MOJAPHLIE CH-
Hud (puc. 121). IIpm BBICOKOII reOMariuTHON aKTUBHOCTY MOJSPHBIE CUAHUA
nosasiaaioTea Ha BeicoTe 300—400 KM, 1 X MOXKHO HAOJIIOAATh Ja)ke Ha IIIH-
porax Pecnybauku Benapych.

Bo BpeMsa MarHuTHOU OypuM M3MEHSIOTCA SJIEKTpHUUEeCcKHUe IOJISI Hajd Io-
BEPXHOCTBhIO 3eMJH. ITO NMPUBOAUT, BO-IIEPBLIX, K BOZHUKHOBEHUIO IIepe-
TPY30K B JUHHUAX dJEKTponepenaun (0 HECKOJbLKUX COTEH aMIlep) U UX OT-
KJIOUEHHNIO; BO-BTOPBLIX, K HAaBeAEHUIO CUJbHBIX TOKOB B TpyOax raso- u
HeTEeIPOBOAOB M K BBIXOAY M3 CTPOSA MX CHUCTEM ymupasjeHusa. IlociencrBusa
MarHUTHOM OyPH CKAa3bIBAIOTCA HA OOPTOBBLIX 3JIEKTPOHHBIX CHCTEMAaX KOCMMU-
YeCKHUX allllapaTos.

MarauTHble 0ypy OPUBOAAT K M3MEHEHUIO JaBJeHUA B Tpomochepe (HUK-
HeM cjaoe aTMocdepbl 3eMJn), B pe3yJbTaTe Uero pa3sBUBAIOTCA IIUKJIOHBI.

Ha tor daxt, uro ConHile BaMAET Ha OMoJOormUYecKHe OO0BEKTEHI, B TOM
yucJie U Ha 3J0POBbe UeJ0BeKa, BOepBhle eilé B 1915 r. obpaTua BHUMaHUe
Anexcaunp Jleounmosuu Um:keBckuii. IIpoaHamusupoBaB UCTOPUUECKIE IO-
KYMEHTBI, YUEHBII IPUIIET K BEIBOAY, UTO B IMPOIILJIOM MAaCCOBbIe CTUXUINHBIE
0elCTBUSA M BCHBINIKK SIUAEMUN HNPUXOAUJINCH IIPEUMYIIECTBEHHO Ha I'0-
OBl MAaKCUMYMOB COJTHEUHOM aKTUBHOCTH. Ha oCHOBaHMM BBIBEIEHHOI CBS3U
A. JI. YnxeBCKUH MOIBLITAJICA IpeacKa3aTh
HEKOTOophle sOuAeMuu Ha 35 JeT BHepén.
Ero mporuossl COBLINCE B CEMU CAyUYASIX U3
BOCBMU.

A. JI. YnmxeBCKUN ABJIAETCA OTHUM U3
ocHOBAaTeJel reamoOuoJoruu. ITa HAYKA,
BOBHUKINAA Ha CcThIKe (pusukm CoaHila u
OMoJIOrnH, U3yUaeT BIUAHNE IIUKJINYECKON
axTuBHOocT CoOJIHIIA HA OMOJOrnYecKue 00b-
€KThbl 1 3JOPOBbE UEJIOBEKA. PucyHok 121 — lNonapHoe cnaHue
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K xomebammam comHEUHON aKTUBHOCTH OCOOEHHO UyBCTBUTEJbHA HEepPBHAA
cucTeMa 4JesioBeKa. JJoCTOBEPHO YCTAaHOBJIEHO, UTO YMCJIO OOJBHBIX, ITOCTYIIA~
IOIIUX B KJIUHUKH, PE3KO YBEJIUUYMBAETCA B AHU MOABEMA COJTHEUHONH aKTUB-
Hoctu. [Ipenmonaraercs, 4To coIHeUHAA aKTUBHOCTh BJIMAET HA UEeJIOBEKAa Ue-
pe3 BOSMYIIeHUA MArHUTHOTO IOJSA 3eMJIU.

YToOBI BCECTOPOHHE HCCJIENOBATH ABJIEHWUA, npoucxoxarime Ha CouHige,
yUE€HBIE TIPOBOAAT HeIpepbIiBHBIE HabmiogeHuAa CoJHIIA, KOTOPhIEe HA3HIBAIOT
Cay:xoo0ui ComHna.

I'maBHBIE BBIBOIBI

1. MomrHOCTh pajgno-, KOPOTKOBOJIHOBOTO M KOPHYCKYJISPHOTO W3-
ayueHuii ColHITa 3HAUYNTEJIHHO BO3pacTaeT MPU aKTUBHBIX IIPOIleccax B
COoJIHEeUHOM aTMocdepe.

2. O30HOBHIH cJioi1 aTMochepbl 3eMJIu ABJIAETCA 3aIUTHON 000109~
KOI OT BPeAHOro IJIiA YeJioBeKa U KUBBLIX OPTraHM3MOB YJIbTPaduroIeTo-
Boro maayuenus CoaHIa.

3. CotHEeUHBINT BeTep — HEIPEPBLIBHBIA IMOTOK PAa3peKeHHOI IIIas-
MBI, paguagbHo mcxonammii ot CoJsrHITA.

4. HeogHOPOJHOCTH COJTHEUHOTO BETPa BHIBHIBAET Ha 3eMJe MarHUT-
HbIe OypH, MOJSAPHBIE CUAHNSA, PALUOBCILIIECKH.

5. 'eamobuonorua — HayKa, M3ydawInas BIUAHNE aKTUBHOCTHU
CoJaHiia Ha OMoJornuyecKre 00beKThI U YeJOBeUEeCTBO.

KOHTpOﬂbeIe BOMpPOChHbI U 3afaHNA

1. Kak 3emHas atmocdepa BNMsAeT Ha NPOXOXKAEHNE Pa3fIMYHbIX BUAOB CONHEYHOrO U3-
NyyeHuA K NoBepxHOCTU 3emnu?

2. Mouemy Ha 3emne yacTo HabnoAaeTca HapyLleHre CBA3N Ha KOPOTKUX paguoBosHax?
3. KakoBa posnb 030HOBOro csiod B atmocdepe 3emnn? Kakum ob6pa3om akTUBHOCTb
ConHua MOXeT BNUATb Ha TOMNLWUHY 030HOBOrO cjloA 3emnu?

4, Yto Takoe conHeYHbl BeTep? Kak OH BO3HUKaeT?

5. Yto Ha3biBaoT marHuTochepor 3emnn? Kakoe BnusiHME Ha He€ OKa3blBaeT COJIHEeY-
HbI BeTep?

6. KakoBbl NpUUKMHbI 1 NOCNeACcTBMA MarHUTHbIX 6ypb Ha 3emne?

7. KakoBbl NPUYNHbBI NPOUCXOXKAEHMA NOAAPHBIX CUAHWIA?



3BE3bl

§ 22. OcHOBHbIe XapaKTepucTukm 3sésn. CBeTMMocTb

1. Bupnmasn 3BésgHana BenunyuHa. Ilpy mepBoHAUAJNBLHOM 3HAKOMCTBE CO
3BE3OHBIM HeOoM (§ 2) MBI paccMOTpeIu MOHATHE «3BE3MHAS BeaumuuHa» (m).
Bb1 y:kxe 3sHaeTe, uTO 3BE3IbI 1-11 3BE3MHOU BEeJIWMUYMHBI co3gaioT B 2,512 pasa
00JIBIITYIO OCBEIIEHHOCTD (OTHOIIIEHE CBETOBOTO IIOTOKA K ILJIOIIAAMN, UM OCBe-
I1aeMoi), 4eM 3BE3AbI 2-11 3BE3THOM BEJIWUYUHBI, KOTOPbLIE, B CBOIO OUEpEnb,
IAloT CBETOBbIe IMOTOKM B 2,512 pasa 0oJbIlle, ueM 3BE3ILI 3-W 3BE3MHOI
BeJIUYUHLI, U T. . TakuMm o0pa3oM, 3a MHTEPBaJ B OJHY BHANMYIO 3BE3MI-
HyI0 BeanuunHy (o0osHauaercsa 1™) NpUHATO OTHOIIEHUE OcCBeléHHocTel (E)
B 2,512 pasa. B Bume ¢popmyssl 9Tu cooTHoIneHmusa Bbipasua H. ITorcom:

E, T
—=2,512"2 "1,
E 1)

2

Usmepsasa mpu momMoIu (poToMeTpa OTHOIIeHUe 0JecKa 3BE31I, MOMKHO
ONpeNleJINTh PA3HOCTDb 3BE3AHBIX BeJanMUuH 1o opmyse Ilorcona. Hyab-myHKT
’Ke BBIOMPAIOT YCJIOBHO, IO corJaiieHusaM. IIpum sTOM AOTOBOPEHO, UTOOBI
CTaHJAPTHAA 3Be3ma 1-i 3BE3THON BeaWUMHBI (cpenuas ud 20 caMbIX APKUX
3Bé3n) masasa 661 B 100 pas OoJsibllie cBeTa, ueM 3Be3na 6-if 3BE3THOM Besu-
YMHBI, HAXOAAIIAACA Ha Ipelesie 3peHus.

Bugumas sBésgHas BeJuuMHA JIyHBI B MOJHOJNyHHe paBHa —12,7™, a B
(asze mepsoit yerBepTu cocrasiaser —9,0™. ITo gopmyse (1) moskem HaiiTH,
YTO OCBEIIEHHOCTE JIYHBI B mosiHoyHUe (E) 60JbIlle ocBenéHHOCTH JIYHEBI B
(aze nepBoit uerBepTu (E;) B 30 pas:

% =2,512™M ™ =2,51279127 —2 51237 ~ 30.

1
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Bumgumyio seésguyo BeauunHy Coiania ompeneana Buronsn Kapimosuu
ITepackwuii. OHa oxasanach pasuoil —26,8™. IlIkana 3BE3MAHBIX BEJIUYUH IIO-
3BOJISIET BBIPAXKATh B 3BE3NHBIX BEJIMUYMHAX OJIECK CJIa0BIX CBETHUJI, HEBUIU-
MBIX HEBOOPYKEHHBIM IJIa30M. B HacTosIllee BpeMs KPYIHEHIIe TeJIeCKOIbI
¢ quaMeTpoM 3epkKas 8—10 M U coBpeMeHHOII HNPUMEMHOII ammapaTrypou IIo-
3BOJIAIOT PETUCTPUPOBATH O0BEKTEI 40 28-11 3BE3JHON BEJIMUYMHEI.

2. OnpepeneHvie paccToAHNA [0 3BE3/. YUEHBIE JAaBHO IIPEAIoIaraau, UYTo
3BE31bl NMEIOT TAKYIO Ke (pusmuecKyro npupony, kak m Coanme. M3-3a Ko-
JIOCCAJIbHBLIX PACCTOAHUI OTHUCKU 3BE3[M He BUAHLI Ja)Ke B CUJIbHBIE TEJIECKO-
mbl. YTOOBI CpaBHMBATL 3BE3ALI MeKAy coboit m ¢ CoaHIleM, HEOOXOAUMO
HAHUTHU METOABLI OIIpeAesIeHUs PacCTOAHUMN M0 HuX. OCHOBHBIM METOIOM SB-
JIsIeTCs MeTOJ MapaJlIaKTUYEeCKOro CMeIlleHUs 3BE3[, PACCMOTPEHHBIA HaMU
pamee. Tak Kax paguyc 3eMJU CJAUIIKOM MAJ IO CPAaBHEHUIO C PACCTOSHU-
eM OO0 3BE3M, HeoOXOAMMO BLIOpPATH OOJBININI 0asuc AJIS M3MepeHUs IIapaJi-
JaKTHUecKoro cMmemnieHusa 3Bé3n. Emé H. Komepuuk mommmas, uTo, corjac-
HO ero reJIMOLEHTPUYECKON cucTeMe, OJIM3KIe
3BE31bl Ha (pOHE HAJIEKUX 3BE3J MOJIMKHBI OIM-
1 3 CBLIBATDH 9JIJIMUIICHI B Pe3yJbTaTe T'OJOBOTO IBU-
2 sKeHUs 3eman Bokpyr CoaHIa.

Kamyeecsa mepemerienue 06ojiee GIM3KOM
3Be3nbl Ha (oHe OUeHb HAJEKUX 3BE3I HPO-
UCXOIUT IO SJIIUMCY C MEePUOAOM B OTUH TOJ
W OTpakaeT ABUKeHUe HAOJII0maTesss BMeCcTe
¢ 3emaéit Bokpyr Coauma (puc. 122). Iloso-
JKeHMe 3eMJiu Ha opOuTe W BUAMMBIE C 3eM-
JI II0JIOKEHUS 3Be3Abl Ha Hebe Ha JaHHOM pPH-
CYHKe 0003HaUYeHbLI OQUHAKOBBLIMU IU(MPaMMU.
ManeHbKUI 5JIJINIIC, ONNCHIBAEMBIII 3Be30Ii,
Ha3bIBaeTCd HapajJaKTUUYEeCKUM SJJIUIICOM.
3 a4 B yrioBoii mepe 6oJbIlias MOJYOCHh STOTO 3JI-

\JL,/ JIUTICA PaBHA BeJIMYUHE YIJa, IIOJ KOTOPBIM CO
3Be3Ibl BUAHA OOJIBINIASA IIOJYOCh 3€MHOM Op-
OMUTHI, NEePIEHINKYIAPHAS HANPABJIECHUIO HA
3Be3[y. OTOT YIroJl Ha3LIBAE€TCsS IOAUYHBIM IIa-

C — ConHue; S — 3pe3pa; pafmarccom (w). ITapannrakTuuecKkue CMeIeHnA
K — nonyocb 3eMHoil opbuTbl;  3BEBI CIYIKAT HEONPOBEPIKUMBIM [OKa3aTeshb-

K — ropuuHbIN Napannakc cTBOM oOparneHusa 3emau Bokpyr CoaHIa.

PucyHok 122 —
MapannakTuyeckoe cmelleHne
3Be3/bl Ha NPOTAXEHUM ropa:
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Paccrosinusa mo 3BE3] OLPENENATCA IO MX TOAUYHOMY IapalIaKThye-
CKOMY CMEIIeHUIO.

W3 pucyuka 123 BugHo, uto ecau CT = a ecTh cpegHuii paguyc 3eM-
HOM opbuthl, SC = r — paccrosauue a0 3Be3abl S or Comunma C, a yrom ©1 —
TOAVYHBINA IMapalIaKkC 3Be3Ibl, TO

a
r =

sinm

Tak Kak roguuyHble IapajjiaKkchl 3BE3][ OLEHUBAIOTCA NEeCATUYHBIMU JOJI5-
MU CeKYHABI, a 1 paguan paseH 206 265", To paccTosHMe KO 3BE3IbI MOXKHO
OIIPEeIeJIUTh U3 COOTHOIIEHU S

206 265"
"ZT a. e. (2)

st maMepeHus PacCTOAHUI 10 3BE3I aCTPOHOMHYECKAs eIWHUIIA CJIUIII-
kKoM MmaJjia. IlosTomy mjs ymoOcTBa OIIpemeieHNs PACCTOAHUHN JO0 3BE3I B
ACTPOHOMUHU IIPUMEHACTCS CIellraJIbHasd efUHUIA AJUHBI — Iapcek (IK), Ha-
3BaHMe KOTOPOM IIPOUCXOAUT OT CJIOB «Iapajljlakc» M «cekyHmaa». [Tapcex —
9TO PACCTOSHNE, C KOTOPOTr0 Paguyc 3eMHOM OpPOMTHI ObIJ OBl BUJEH IIOX
yriom B 17,

Coruacuo dopmyie (2), 1 ok = 206 265 a. e. = 3,086 - 10'2 kM. Taxkum 06-
pasoM, paccTosiHKE A0 3BE31 B MapceKax OyaeT ompeaessThbCA BbIpasKeHUeM

r=-— IxK. 3)

B acTpoHOMHUUECKMX €IMHUIAX OOLIYHO BBLIPAYKAIOTCS PACCTOSHUS IO TeJ
CostHeuHOIT cuCTeMBI. PaccTodHMS A0 HeOEeCHBIX TeJl, HaXOAAIIUXCS 3a IIpe-
nenaMu CoJIHEUHOI CUCTEeMBbI, OOBIUHO
BBIPA’KAIOTCS B IapceKax, Kujolapce-
rkax (1 knx = 10® nk) u Meramapcerax T nj,/f’és
(1 Mok = 10° nk), a Takke B cBeTO- =TT
BeIX rogax (1 cB. r. = 9,46 - 10'2 kM
=63 240 a. e. = 0,3067 ux wiu 1 oK =
= 3,26 ca. r.). Crerosoit ron — paccros- PucyHok 123 — loaunuHbIi napannakc
HUe, KOTOPOe 3JIEKTPOMATHUTHOE U3JIyue- 3Beagpl: C — CONHUE; S — 38e30a;
HUe (B BaKyyMe) IPOXOAUT 3a OAWH TOf,. T — 3emns

—_

r
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Hu:xuauit npemen msmepeHuil mapajaigakcoB He npeswimaer 0,005", uro
IIO3BOJIAET OIpenesATh paccrosauua He cBhilie 200 k. Paccroanusa mo ermé
6oJiee JaI€KUX O0BEKTOB OIPeAeATCA MeHee TOUHO M MHBIMU METOJAMMU.

3. AGcontoTHana 3Bé3aHaA BennyHa. Bugumelil 61eCcK 3BE3[ He XapaKTepu-
3yeT MX peaybHOrOo maayueHus. OH ompexaesnserca AByMA PakTOpaMu: MCTUH-
HBIM H3JYUYeHWEeM 3Be3[bl U paccTosuueM no Heé. CosHile, Hampumep, ropas-
Io Oamke K 3eMmJie, ueM Jiobasa Apyras 3Be3fa, I03TOMY OHO — caMoe SApKoe
ceBeTuJio Ha HebOe. CiemoBaTe/bHO, AJISA CPaBHEHUS MCTUHHOrO OJecKa 3BE3N
He0O0XOIMMO BBIUMCJIATh UX 3BE3THYIO BEJIMUMHY HA OUPENeIéHHOM OAUHAKO-
BOM PACCTOSHUMU. 3a TaKoe OAMHaKOBoe (MM CTaHIapTHOE) PacCTOAHUE IPHU-
HaTo 10 nk. Buaumasa 3Bé3gHas BeJIWUYMHA, KOTOPYIO mMesa ObI 3Be3Ja, ec-
Ju 6bI HaXOAWJACh OT Hac Ha paccrodHuu 10 OK, HasbIBaeTcAd a0COJIOTHOM
3BE3IHOI BeJIUYMHOM.

IIycts Bummmas 3BE3gHAS BeJIWUYMHA 3Be3[bl HAa PACCTOAHUU ' paBHA M,
a OCBeINEHHOCTDb, co3maBaeMas 9TOHM 3Besnoir, — E. Ilo ompemenenuio, Bu-
IuMasA 3BE3MHAA BeJIWUMHA ¢ paccTodaHusa ry = 10 ok Oymer paBHa abCOJIIOT-
HO# 3Bé31HOU BenmumHe M, a Ey — OCBEIIEHHOCTD (MJIN UBJIyYeHUE) 3BE3bI
¢ paccroguua 10 nk. Torma, ucmoabdya gopmyay (1), MoXkeM 3amucaTh:

E 5128, (4)

0

W3 pusuKm m3BECTHO, UTO OCBEIIEHHOCTH, CO3JIaBaeMble OJHUM M TeM Ke
MCTOUYHUKOM W3JIYUeHIs, 00pAaTHO IPOIOPIIMOHAJBHBEI KBaJApaTaM PACCTOsI-
HUU OO0 Hero, T. €.

E ro2 5)
EO r2 )
M-m 100
ITopcraBaas (5) B (4), moxyuum, uto 2,512 =— - IIposnorapudmupo-
r
BaB JJAHHOE PABEHCTBO U YIPOCTUB €TI0, IOJYUUM:
M=m+5 - 5lgr. (6)

1
YuursiBas, 4To = prl dopmyay (6) MOKHO 3amucaTh B BUIE:
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M=m+5+ 5lg n”. (7

IIo Gpopmyne (6) BuIUMCIMM abCOIIOTHYIO 3BE3nHYIO Beauumuy CoJiHIIA.

1
Paccrosauue no Coamuma r = 1 a. e. = ———— I[K;, BUAUMASA 3BE30HAsA BeJU-
A . 206 265 A >

uypna CoJHita paBHa —26,8™. Ilocie mMOACTAHOBKY 3TUX 3HAUEHUH B (POPMY-
Jy moayuum, uro Mg = —26,8™ + 5™ + 26,6™ = 4,8™. 3ro o3Hauaer, 4TO CO
craugapTHOro paccrosuus B 10 nxk CojHIle BRITJIAAUT CJIA00N 3BE3TOUKOI
HOUTH 5-11 3BE3MHOUN BEJIMUMHEI.

AGcosoTHBIe 3BE34HBIE BeJIMYMHBI 3BE37 KoJsebamorcs ot —9™ mo 19™,
T. e. oTyimuapTca Ha 28™, mam mo ocBeméHHocTH B 160 MmMiIMapmoB pas,
IPYT OT Apyra.

4. CeeTMmocTb 3BEé3[. 3Hasa abCOJIOTHYIO 3BE3NHYIO BeJIWUNHY 3BE3IbI,
MOJKHO BBIUKCJIUTDL AEHCTBUTEJbHOE 00Ilee M3JTyUeHUe 3Be3Abl MU €€ CBe-
TUMOCTH. CBeTHMOCTBI0 HA3LIBAETCSA IIOJHASA YHEpPrus, U3JaydaeMas 3Be3oi
3a 1 c. CBeTUMOCTDL 3BE3ALI MOYKHO BBIPA3HUTL B BATTaX, HO Uallle €€ BbIpa-
skaoT B cBeTuMocTaxX CoaHma. HamomuuM, uTo cBeTmMocTh CoJHITAa paBHAa
3,85 - 1025 Br (cm. § 19).

Ucnonbaysa Gopmyay (1), MOKHO 3ammcaTh COOTHOIIEHUE Me:KIy CBETHU-
MOCTSAMU ¥ abCOJIOTHBIMU 3BE3MHBLIMHU BEJIWNUYMHAMHU KAaKOI-Inb60 3BE3AbI U
Couuia:

L M.-M
—=2,512"° 7,
. (8)

©

rae L u Ly — cBerumocTu 3Be3nbl u Comana; M u Mg — COOTBETCTBEHHO MX
abcourroTHBIE 3BE3AHBIE BeanuuHbl. Ecau npuHATh Lo = 1 U ¢ yuéToM TOrO,
uro M = 4,8™, popmyna (8) mpumer BUA:

L=2512M™ | ymu | L=2,51248M,

3BE3BI-CBEPXTUraHThI, uMelomue M = —9™, 001a4al0T MOIIHOCTBIO M3-
ayuenus Ooisbiiie CoaHma B 330 Thic. pas, a caMble HeApKUe 3BE3ILI ¢ abco-
JIIOTHOI 3BE3xHOI BeamuuHoii M = 19™ usayuaror ceer B 480 ThIC. pas cia-
6ee CouHIIA.
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I'maBHBIE BBIBOIBI

1. 3BE3abLI ABMIKYTCS B IMPOCTPAHCTBE M HAXOOATCA OT HAC Ha pas-
JUYHBIX PACCTOSHUIX.

2. Bugumasa 3Bé3gHas BeJIMUYMHA — Mepa HabJomaeMoro 0Jgecka
(OCBeIEHHOCTH, CO3JaBaeMOl CBETUJIOM HAa IMPUEMHUKE JIYUHUCTOU SHEP-
rumn) HeOecHOro 00'beKTa, BUAMMOTO ¢ 3eMJaun. MHTepBaI B OAHY 3BE3[-
HYIO BEJIMUMHY COOTBETCTBYET PAasHOCTU OCBeIéHHocTel B 2,512 pasa.

3. Paccrosanue mo HeZaJIEéKUX 3BE3M OIpenessdeTcs METOLOM TOmMUdU-
HOT'O Imapajijiakca, OCHOBAHHOTO HA M3MEPEeHUM yTIJIa, IMOJ KOTOPLIM BU-
JeH paguyc 3eMHOI OpPOMTHI C MCCJIEeAYEeMOM 3Be3MIbI.

4. EquHUIIaMY U3MEPEeHUs PACCTOAHUN M0 3BE3M ABJIAIOTCA IMapCceK
Y CBETOBOU T'OJ.

5. AGcosrroTHasa 3BE3MHAA BeJMUMHA — BUAWMASA 3BE3MHAS BeJINUYMHA,
KOTOPYIO mMeJia ObI 3Be31a, HaXOAACh HA CTaHZApPTHOM pacctodgumu 10 mx.

6. Ilonumasa sHeprus, majaydyaeMasd 3BE3J0M IO BCEM HaIPAaBJICHUAM
3a eQUHUNIY BpeMeHU, Ha3bIBaeTCA €€ CBeTMMOCTbIo. OOBIUHO CBETH-
MOCTBH 3Be3JblI BhIpa)kaeTcsd B efuHuIilax cserumoctu CosHIIA.

@ KoHTponbHble BONpocbl U 3afaHusa
1. YTO NOHMMaIOT MOA FOAUYHBIM Napaniakcom 3Be3gbl?
2. Y10 Takoe mapcek 1 cBeToBOw rog?
3. Yem otnmuaetca abconioTHadA 3BE3aHaA BENMUYMHA OT BUAMMON 3BE3AHON BENNUNHDI?
4, PaccToaHue oo 3Be3gbl betenbrense 652 ¢B. . Yemy paBeH eé napanniakc?
5. YTOo noHuMmaloT noa cBeTUMOCTbIO 3Be3abl? KakoBa cBeTumocTb ConHua?
6. Kakaa 3aBUCMMOCTb CyLLECTBYET MeXJy CBETUMOCTbIO 3Be3fbl 1 €€ abconioTHOM
3BE3QHOWN BENNUYMHON?
7. Boluncnnte pacctoaHuwe fo 3se3fbl Berv B napcekax n CBETOBbIX rogax, ecnu ms-
BECTHO, UTO €€ BMAUMAS U abCOMOTHAA 3BE3[HblE BEJIMUYUHBI COOTBETCTBEHHO PaBHbI
0,0™n 0,5™.

§ 23. Temnepartypa n pasmepbl 3BE€3]

1. Temnepartypa 3Bé3. B mepBoM mpuOinm:xeHUN MOKHO CUHUTATBH, UTO
3BE3OLI M3JAYYAOT KaK abcoaioTHO uépHble Tema. Temmeparypy T moBepx-
HOCTH ((hoTOoCcdephl) 3BE3L MOKHO OIPEEIUTH, BOCIIOJIh30BABIINCH 3aKOHOM
Crepana — Bosbiimana, Tak Ke, KaK MBI 9TO yiKe IeJajau IPU OlpeaesieHun
remmepartypbl CosHita (cMm. § 18):
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(1)

ITogcunTaHHYI0O TAKKM METOJOM TeMIIepaTypy HasbiBaioT 3()(peKTUuBHOI
Temmepatypoid. OIHaKO 3TOT MeTOJ IIPUMEHAETCA OTPAHUYEHHO, TaK KaK I0-
CTATOYHO TOUYHOE 3HAUEHWe PaJnuyCOB M3MEPEHO TOJbKO Yy HECKOJIbKUX NEeCAT-
KOB APKUX TMTAaHTCKUX 3BE3.

TemmepaTyphbl 3BE3J CUJIBHO pas3jnualoTcA. XOJOIHLIE KpPacHble 3BE3-
Iel nMeioT Temiepatypy okosio 3000 K. Coxanme ¢ Temmeparypoii gortocde-
pet 6000 K oTHOCHTCA K KEJATBIM Kapaukam. TemiepaTypa caMbIX TOPAUYUX
a3Bésn mocturaer 100 000 K. OcHoBHAsS YacTh MBJIYUEHUS TOPAUYUX 3BE3M IPU-
XOOUTCA Ha YJILTPa(GMOIeTOBYIO YACTh CIEKTPAa, U Mbl UX BOCIIPUHUMAaeM KaK
3BE3JBI IOJIyOOTO IIBETA.

2. CnekTtpanbHaa knaccndunkauva 3Bé3a. 3BE3ALI OTINUYAIOTCSI OOJIBITIM
pasHoobOpasueM, OSHAKO CPedy HUX MOXKHO BBIJEJIHUTH OTAEJbHLIE TPYIIIEI,
obsagarorire oOIUMU cBo¥McTBaMu. IIpm mepBOoM 3HAKOMCTBE CO 3BE3THBIM
HeboM oOpailraeT Ha ce0s BHUMAaHME TOT (paKT, UTO 3BE3ALI PASHATCA IIO IIBe-
Ty. 'opasmo cuibHee 3TO 3aMEeTHO IPU PACCMOTPEHUM CIEeKTPOB. BarKkHelirmne
pasauunsa CIeKTPOB 3BE3J 3aKJIIOUAIOTCSA B KOJMYECTBEe M MHTEHCUBHOCTH Ha-
0JII0[JaeMbIX CIIEKTPAJbHBIX JUHUI, a TaKyKe B paclpemeeHny SHepruu B He-
mpepbIBHOM ciieKTpe. C yU4€TOM BUIOB CIIEKTPAJIbHBIX JUHUN WM UX MHTEHCUB-
HOCTHU CTPOUTCS CHEKTPaJbHAA KJIacCU(pPUKAINI 3BE3.

B I'apBapackoii oocepBaTopuu (CIITA) B 20-e rr. XX B. Onlia paspabora-
Ha KJacCU(PUKAIIUSI CIIEKTPOB 3BE3J, B KOTOPOI ITOCIEeN0BATEILHOCTH CIIEK-
TPaJbHBIX KJIACCOB 0003HAUAETCA 3aTJIaBHBIMHU OYKBaMHU JATHUHCKOTO ajda-
Buta. OCHOBHBIE XaPaKTEPUCTUKU CHEKTPAJbHBIX KJACCOB IIOMEIIEeHBLI Ha
(dopaarie 4. TouKue paszauunus BHYTPU KaKIOTO KJacca MOIOJHUTEILHO IOJ-
pasgmensior Ha 10 moakmaccoB — ot 0 mo 9. Hanpumep, CoaHIle mpuHAaIIe-
JKUT K CIeKTpaJabHOMY KJaccy G2.

Jammasa mocaemoBaTeIbHOCTh CIEKTPAJIbHBIX KJIACCOB OTPakaeT yMEHb-
menue Temiepatypbl atrmocdep (dorochep) 3BE3x ot Kaacca O K Kiaaccy L.
CoexTpajibHasA IIOCJIEIOBATEILHOCTh OJHOBPEMEHHO ABJIAETCSA W I[BETOBO:
3BE3abI KJjacca O mMerT rosry0oBaThIN IBeT, KJjacca B — roayboBaTo-0esblii,
A — Oenbrit u T. A. I 3aTIOMUHAHUS 9TOUM MOCJIEIOBATEIBHOCTH HCIIOJIb3Y-
eTcdA ciaenymoias ¢pasa (MHEMOHUYECKOEe TPaBUJIO):

(0] | B I A F G K M L

OpvH Bputbin  AHrnnuyaHmH  OuHukn  Kesan Kak Menkun Jlyk
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XumMuuecKuii coctraB arMocep OOJbIITMHCTBA 3BE3M IIOUTH OAMHAKOB. Ha-
PYsKHBIE CJIOM 3BE3J COCTOAT 13 BOAOPOIHO-TEJIMEBOl cMecH ¢ OUeHb MAJIOi
I00aBKOIi OoJiee TSKENBIX daeMeHTOB. Hampumep, anagoruuao CoJaHIY APY-
rue 3BE3JbI cOolepskaT B cBomx armocdepax 73 % Bomopoma, 25 % reaus u
2 % Bcex OCTAJNbHBIX 9JIEMEHTOB.

Pasgiuuus B cumeKTpax 3BE3J ONpPeAeJNSIOTCA TJIaBHBIM 00pasoM pasjiu-
YnAMEU TeMIepaTypbl. B doTochepax XOJIOAHBIX 3BE3JA MOTYT CYIIIECTBOBATH
IIpOCTeNIIe MOJIeKYabl. I109TOMY XapaKTepHBIMU AeTAaNAMU CIeKTPOB 3BE3.
KJaccoB M u L SBASIOTCS IMTHPOKHE II0JIOCHI IOTJIOI[eHUA MOJEKYJ, Halpu-
mep CrH. Ilpu Gojsiee BBICOKUX TeMIIepaTypax MOJEKYJIAPHBIE COeTUHEeHUA
pacmagaioTca. B TakuX CIeKTpax IPOIIafaioT CHeKTPAJIbHEIE IIOJIOCHI MOJIEKY-
JIAPHBIX COeIWHEHUH, 3aTO MOABIAIOTCA JUHUN, COOTBETCTBYIOIIE HeNTPaIb-
HBIM MeTajiaM. TakuMmM obpasoM, CHeKTpajbHAsd KJIaCCUPUKAIIUSA 3BE3N —
9TO TeMIlepaTypHad KJaaccupuKalusa 3BE3IHBIX CIEKTPOB, OCHOBaHHAas Ha
OIleHKaX OTHOCUTEJIbHO! MHTEHCHBHOCTH M BUAA CIEKTPAJbHBIX JIMHUH.

B macrosdinee BpeMsa CHeKTpaJbHON KJJaccupUKaIlell oxXBaueHO 0Oojiee
500 TbIC. 3BE3H.

3. Pasmepbl 3Bé3a. JInHeHHBIA paguyc R 3Be3Ibl MOMKHO OIIPEeIeNTh, ec-
JIM M3BECTHBI €€ YIJIOBOM pamuyc p’’ M paccToAHUEe A0 3BE3Abl ' WU T'OJUY-
HBIA mapasiakce 7 mo gopmyse R = r - sin p”.

Tak Kax r—w a. e., JJd YIJIOBOTO pagmWyca sin P TO
T P =206 265"’
uMeeMm R:p—” a. e.
TC

JIuHeliHble pagumychl 3BE€3J IPUHATO BbIpaskaTh B pagmycax CoiaHIia.
B pazmycax Coxnmmna 1 a. e. paBza 149,6 - 10% kv : 0,696 - 10% km = 215.
Wcnonb3ysa 3TO COOTHOINIEHME, TTONYUYUM (HOPMYJIY JJIA ONpeAesieHuA JIMHe-
HBIX PaguycoB 3BE3M B pamuycax CoJsiHIIa B CIeOYIOIEM BUIE:

R=2152 .
s

3BE3BI HACTOJBKO JAJIEK! OT HAC, YTO UX YIJIOBbIe pa3Mephl MeHbIIIEe IIpe-
JleJa paspereHnsa KPYITHEeNITUX TeaecKomnoB. [Jia ApKux OJM3KUX 3BE3] YIJIO-
BOI! paguyc HaXOAAT IO UHTepPPEpPeHIIMOHHOI KapTUHe, KOTOpas II0JydyaeTcsa
B pesyJibTaTe MePeKPLITUA N300paskeHnil 3Be3Abl, IIPU IIOMOIIN JBYX IITUPOKO
paccraByIeHHBIX TejecKoroB. Hampumep, ¢ mMOMOIIBIO OITUYECKOTO HHTEP(hEPOo-
MeTpa, COCTOSAIIET0 U3 ABYX chepUUecKUX 3epKaj AuamMeTpoM 6,6 M KaskIoe,
pasHecéHHBIX HAa MaKcuMaJibHoe paccrosume 180 M, yzamoch U3MEPUTh YIJIOBOM
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muamerp &€ Opuona. O oxasasca paBabiM 0,00072”, a Tak Kak rOOAWYHBIA IIa-
0,00036" _39R

"

pasnakc 3Bes3anl pasen 1”7 = 0,0024”, to R=215x
b
Paguychl 3BE31 MOTYT OBLITh BBEIUMCJIEHBI IO WX MOITHOCTH M3JIYUYEeHUS
(cBETUMOCTH) ¥ TeMIlepaType. 3aluilieM 3HAUeHNe IOJHON MOIITHOCTH MU3JY-
yeHUd AJIs KaKoI-Inbo 3Be3nbl u mja CoJiHia:

L=4nR%T*| | L, =4rR2cTy,

rne L u Ly, Ru Ry, T u Te — COOTBETCTBEHHO CBETUMOCTHU, JIMHEHHBIE pa-
INyCHI 1 aOCOJIIOTHBIE TeMIlepaTypsl 3Be3abl n CoJrHIIA.
IIpurumasa Lg = 1 u Ry = 1, monyuum:

4
2
.L:R ;‘T’

0]

WJIW OKOHUYATEJbHO B JIMHEHHBIX pammycax CoJrHIiia:
2
/5
R=vL [?o] . (@)

NMuamMeTpsl 3BE3/ CUJIBHO OTJIMYAIOTCS: OT Pa3MepPOB, CPABHUMBIX C 0OJIb-
mioii moayochbio opouThl IOmuTepa (KpacHble CBEPXTHUTAaHTHI), 4O Pa3MepoB
3emuu (6esble KapJaUKM) UIX Ja’Ke J0 HeCKOJbKHX KUJIOMETPOB V HEeHTpPOH-
HBIX 3BE3n (puc. 124).

. HeiiTpoHHas
3Be3fa

" 3Be3ga 40
SpugaHa

PucyHok 124 — Pa3mepbl HeKOTOpbIX 3BE3[ B CPaBHEHUUN C pa3mepamMin 3emnu
(Ha pucyHke cnesa) n ConHua (Ha puUcyHKe cnpasa)
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@ T'1aBHBIE BBIBOIBI

1. CunekTpanbHad Kjaaccu(UKAIusA 3BE3M OCHOBAHA HA OIEHKAX OT-
HOCHTEJILHONM MHTEHCUBHOCTH M BUOA CIEKTPAJIbHBIX JIMHUM.

2. PasMepnl 3BE3] IPOIOPIIMOHAIBHBI PACCTOSIHUAM A0 HUX 1 BULU-
MBIM YTJIOBBIM pasMepaM.

3. 3HaA MOIIHOCTL M3JIYUEHUS 3BE3ALI (CBETMMOCTH), TEMIIEPATYPY
3Be3nbl 1 Temueparypy CoaHIIa, MOKHO OIpPEemenTh €€ pasmep (B pa-
muycax Coimiia).

@ KoHTponbHble BOoNpocbl 1 3agaHns
1. Kakum 06pa3om MOXHO onpefenutb TeMnepaTypy 3Be3fbl, UCMONb3ys 3akoHbl CTe-
daHa — bonbumaHa n BuHa?
2. Mo Kaknm NprHLMNam NpPon3BOAUTCA CreKTpasibHasa Knaccudukauma 3sésn?
3. Onpegenunte pasmepsl 3Be3gbl Cnvkn (X [deBbl), ecnu Temnepatypa eé poTtocdepbl
paBHa 17 600 K, a ceeTmocTb B 1950 pa3 6onblue ceeTmocTn ConHua.
4. 13 Kaknx XUMNYECKUX 371IEMEHTOB B OCHOBHOM COCTOAT 3BE34bl?
5. Bo ckonbKo pa3 OTNNYaloTcA CBETUMOCTU ABYX 3BE3[ OAUHAKOBOrO LBETa, eC/in pa-
AnycC ofHOW 13 HuX 6onblie B 25 pa3?

§ 24. 1BoniHble 3BE3abl. Macca 3Bé3f

1. Tunbl gBoNHbIX 3Bé3a. HabaomeHna MOKAa3bIBAIOT, UTO MHOTHE 3BE3JBI
BO Bcenenmoii 06pasyioT mapbl MK SBJIAIOTCS UJIEHAMU CJIOMKHBIX CHCTEM.
JABOMHBIMM 3BE3MaMM HA3LIBAIOT OJIM3KO PACIIOJIOKEHHBIE ITaphl 3BE€3d. Pas-
JUYAIOT ONTUYECKNe 1 (pu3MUYecKue ABOMHBIe 3BE3ALI. ONTHYECKHEe TBOMHEIE
3BEé31bI (IIaphbl) COCTOAT M3 BechbMa JAJEKUX APYT OT APyra B IIPOCTPAHCTBE
3BE3J, KOTOPHIE CAYyUYaHHBEIM 00pa3oM IIPOEKTHPYIOTCA Ha HebecHyIo cepy mo
Jayuy 3peHus. @usndyeckKne TBOWHBIEC 3BE3dbI IIPEACTABIAIOT CO00I CHUCTEMBI
OJIMBKO PACIOJIOMKEHHBLIX B IIPOCTPAHCTBE 3BE3J, CBA3AHHLIX CHUJIAMHU TATOTE-
HUA ¥ 00paIlfalolinXcsa OKOJIO ODIero ImeuTpa Macc.

3BE30bI (pU3MUECKUX ABOMHBIX IIap YacTO MMEIOT pas3jJnuHbIi 11BeT. Tak, y
AmnTapeca — o4eHb APKOM KPACHOM 3Be3AblI B co3Be3auu CKOpOMOHA — HMe-
eTcs caabbIil TOMyOOBaTHIN CIIYTHUK.
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IlepBas u3BecTHAaA e€IIé B APEeBHOCTU 3BE3qHAA mapa — 9To Mumap (KoHb)
u Anbkop (Becaguuk). Muiap — cpegHssd 3Be3fa PYUYKU «KOBIIAa» CO3BE3IUA
Boabmoit Megseauiibl, KOTOpas UMeeT BUAUMYIO 3BE3IHYIO Beanuuny 2,2™.
Ha yrioBom paccrosumu 12° or Heé pacmososxkeHa ciaabad 3Besga AJbKOP
co 3Bé3mHONI BenuuunHoi 4,0™. 3BésgHas mapa Mumap u AJIbKOp — IpuUMep
ONTHYECKOl IBOMHOM 3Be31bl. B CBOIO ouepenb, Jake B IIKOJBbHBIN TeJIECKOI
XOPOIIIO0 BUAHO: MHUIIAP COCTOUT M3 ABYX OUEHL OJNM3KHX 3BE3M, Hepasau-
YUMBIX HEBOOPY:KEHHBIM TIa3oM. KOMIIOHEHTHI 3BE€34HOI mapsl Mumap A u
Murap B orcToAaT Apyr oT Apyra Ha paccroanuu 14" m mMeroT 3BE3NHBIE Be-
JuunHbl 2,4™ u 4,0™ coorBeTcTBEeHHO. 3BE3AHAA mapa Mumap — mpumep (Qu-
3UYECKOI JBOWHOW 3BE3IbI.

dusznuyecKkre ABOHHLIE 3BE3JbI B 3aBUCHUMOCTU OT cIiocoba MX HaOJIofe-
HUI TOAPAa3IesAI0TCA Ha BU3YaJbHO-IBOMHBIE 3BE3BI (11X KOMIIOHEHTHI MOMK-
HO YBUIETHh IPU IIOMOINU TeJeCKOoma BU3yaJbHO HJU cdoTorpadupoBaTh),
3aTMEHHO-IBOMHbIE 3BE3bI (X KOMIIOHEHTHI IIEePUOAUUYECKN 3arOPasKMUBAIOT
IPYT Ipyra oT HaOJiomaTelid U IIO9TOMY 3Be3lia MeHAeT 6JIeCK), CIIeKTPaJIbHO-
JBOMHBIE 3BE3IBI (IBOMCTBEHHOCTD ITPOSABJIAETCA B IePUOANUECKUX CMEIeHU-
SIX WJIN PasgBOEHUAX JUHUN WX CIIEKTPOB), aCTPOMETPHUECKU-IBONHbBIEC 3BE&3-
oel (oOHA 3Be3ma He BUAHA U BO3MYINAET IIPaBUJILHOE ABUIKEHUE coceaHeil).

JBoiiHbIe 3BE3ABI ABJAIOTCA YACTHBIM CJIydyaeM KPATHBIX 3BE3I, COCTOA-
IMUX WHOTIA M3 HEeCKOJbKMX KOMIOHeHTOB. CYyIIecTBYIOT 3BE3ILI TPOMHEIE,
yeTBepHLIE U Aaske 0ojiee BHICOKOW KpaTHocTH. K KpaTHBIM 3BE34aM IPUHSA-
TO IPUUYUCIATEL 3BE3ALI, nMeroinue MmeHee 10 KoMmoHeHTOB. CucTeMbI ¢ 60JIb-
IIIUM YHCJIOM 3BE3[ Ha3LIBAIOTCS 3BE3MHBIMH CKOILJICHHAMM.

IlepBuIii cnucoOK ABOMHBIX 3BE3] cocTaBuya B 1803 r. acTpoHOM YUIbAM
Tepitiesib. 9TOT mepedyeHb COAEePsKal HECKOJbKO coTeH o0bheKToB. K HacTosa-
IeMy BpeMeHH! M3BEeCTHO, UTO NPUMEPHO HOJIOBHMHA 3BE3x Halmen I'amaxkTu-
KM — ABOMHBIE. [|BOICTBEHHOCTh U KPATHOCTDH B 3BE3THOM MHUPE — IITUPOKO
pacmpocTpaHéHHOe ABJIEHUE.

2. 3aTMeHHO-[BOlHbIe 3BE3Abl. 3aTMEeHHO-IBONHbIE, NI 3aTMEHHO-
nmepeMeHHbIe, 3BE3AbI IIPEICTABIAIOT CO00I TecHbIe IIapbl, 00palaloIuecs
C IIePUOJOM OT HEeCKOJbKHX UACOB A0 HECKOJbKHX CYTOK II0 OpOmTaM, 0OJIb-
mras IIoJyoCh KOTOPBLIX CPaBHMUMA C caMUMM 3Bé€3zmaMu. 11o aToi mpumumHe MBI
He MOKeM YBHUIEThb OTAEeJbHO MX KOMIIOHEHTBI, TAaK KAK YIJIOBOE PACCTOSHIE
MeXKOy 3BE3maMu oueHb Mayio. CyIuUTh O ABOMCTBEHHOCTH CHCTEMbI MOIKHO
JUIIL 110 IePUOAUUYECKUM KoJeOaHusaM OJiecKa, ecau II0 Jy4Yy 3peHud IJIOo-
CKOCTH OpOUT 3BE3J HMPaKTUUYECKMH COBIIaLaloOT. B sToM ciydyae HaOJIIOLAIOT-
cd 3aTMEHUsA, KOTJa OOWH M3 KOMIOHEHTOB HPOXOAUT BIEpPeAU HJIN C3aau
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KpI/IBaﬂ CBETUMOCTUN 3aTMEHHO-I'Iep6MEHHOIZ 3Be3bl

S~————
KOI’}J,a 3aKpbiTa TyCKJlaA 3B€3[a, APKOCTb

MeHAETCA He3HAYUNTENbHO

[lBoMHaA 3Be3aa CTaHOBUTCA TYCKJIOM, KOrga
3aKpblTa NOBEPXHOCTb APKOrO KOMMOHEHTA

bneck, m —>

MNepnop obpalleHus

-« >

Bpema —— >

PucyHok 125 — N3meHeHue 6necka 3aTMEHHO-ABOIHOI 3Be34bl

apyroro. PaccMOTpeHHYIO CHUTyaIMI0 HOACHSET puUCYHOK 125, Ha KoTopom
OPUBOAUTCA KpUBas M3MeHeHUs OJiecKa m 3aTMEHHO-IBOMHOI 3Be3Ibl, CBA-
3aHHOTO C MEePUOAUYECKUMU 3aTMEHUAMHU OJHOTO KOMIIOHEHTa IPYTUM.
Ha rpaduke mokaszaHbl pasHble TOJIOKEHUS KOMIOHEHTOB 3Be3AbI HA opOuTe.
PasHocTh 3BE3OHBIX BEJIWUYNH B MUHUMYMe U MaKcuMyMe OJiecKa Ha3LIBaeT-
csA aMILTUTYIOM, a IPOMEKYTOK BpeMeH! MeKAY ABYMS IOCJIeI0BATeIbHBIMU
HAUMEHBIINMU MUHUMYMaMU — IE€PHOIOM II€PEeMEeHHOCTH.

TunuyHBI TpUMep 3aTMEHHO-TIepeMeHHO# 3Be3abl — 3Be3na [3 Ilepcea
(Asronb), KOTOpasA peryadapHo 3aTMeBaerca Ha 9,6 u ¢ mepuomom 2,867 cy-
TokK. IlameHne Oecka B MUHNMYMe Yy 9TOM 3Be3Abl cocrasiser 2,3™.

Bcero ussectro okoso 4000 3aTMeHHO-IBOMHBIX 3BE3.

3. CnekTpasibHO-ABOHbIe 3BE3[bl. 3BE3ILI, NBONCTBEHHOCTb KOTOPBIX
yCTaHaABIMBAETCS JIUIIL Ha OCHOBAHUU CIEKTPAJILHBIX HAOJIIONeHWUIl, Ha3bI-
BaIOTCS CEKTPAJbHO-TBOWHBIMH.

IIpenmonoxxum, uTo HAOJIIOZATENb HAXOAUTCS B MJIOCKOCTU OPOUTHI JBOI-
HOU CHCTEMBLI, COCTOsAIell n3 0ojJee MacCUBHON M SPKO# 3Be3dbl A U MeHee
APKOM M MaccuBHOM 3Be3abl B (puc. 126). Kamabiii u3 KOMOOHEHTOB — A u
B, oOparasck BOKPYT IeHTPa MacC CHUCTEeMbI, TO HIPpUOJIMKaeTCs K HaOI0Ia-
TeJII0, TO yaajigeTcsa oT Hero. BesencrBue sdderTa llomaepa B IepBOM caydae
JUHUU B CIIEKTPEe 3Be3ALI OYAYT CABUHYTHI K (DMOJIETOBOM 06JIACTU CHEKTPAa,
BO BTOPOM — K KpPAacCHOIi, MPHUUYEM MEePHOJ 3TUX CMEIeHUI paBeH IIePUOIY
obpamnrtenusa. Ha pucyuke puMcKkue mudpbl 0003HAYAIOT COOTBETCTBUE CIIEK-
TPOB IIOJIOMKEHUAM 3BE3J Ha opbuTax.



§ 24. 1soiiHble 3BE3abl. Macca 3BE3g

ITocTosiHHOE COBEpPIIIEHCTBOBAHUE METO-
IUKU OIpeleseHUus CABUTA CIEKTPaJbHBIX
JUHUN mo3BoaunJio B 1995 r. o0HAPYKUTDL ¥
3Be3anl 51 Ileraca coyTHUK MAacCoOii B IIOJIO-
BuHy Macchkl IOmurepa. K Hacroamemy Bpe-
MEeHU MEeTOJOM JIYUeBBLIX CKOPOCTeH y 0ojee
yeMm 600 3BE31 00HAPYIKEHBI ILJIAHETHLIE CH-
crembl. OHu mosyumiam oblljee Ha3BaHUE —
3K30IIJIAHETHI.

4. AcTpomeTpunyecKn-gBOIHble 3BE3AbI.
BerpeuatoTesa Takue TecHBIe 3BE3AHbBIE IIAPHI,
KorjJa oaHA W3 3BE3] WMJIM OUYEHbh MaJja II0
pasMepaM, WM UMeeT HU3KYIO CBETUMOCTD.
B sTomM caydae Taxkyio 3Be3gy pPaccMOTPETH
He yIaércs, HO 00HapPYKUTh ABOMCTBEHHOCTh
BCEé JKe MOJKHO. fIpKuii KOMOOHEHT OyaeT
MePUOINYECKN OTKJIOHATHCSI OT IPAMOJIU-
HEeWHON TPaeKTOPUHU TO B OAHY, TO B APYTYIO
cropony (puc. 127), kak OyATO II0 HPAMOI
IBUKETCS IIeHTP Macc cucTeMbl. TaKue BO3-
MYIIeHUuA IPOHOPIIMOHAJIBHBI Macce CIIyT-
HuKa. MceaemoBanusa ogHOIN 13 OJIMMKAHIIINX
K HaM 3Beé3], M3BeCTHOHN Mo Ha3BaHHEM
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PucyHok 126 — CmelueHne nMHUin
B CNeKTpe ABOWHON 3Be3Abl

Pocc 614 (eé 6meck 11,4™ u mapamnakc 0,25”), mokasaam, 4To aMILIATYLA OT-
KJIOHEHUH 3Be3bl OT OXKHUaeMoro HampasieHusa gocturaer 0,36”. Ilepuoxn o6-
palleHuns 3Be3Abl OTHOCUTEIBHO IIeHTPa Macc paBeH 16,5 roga.

Cpenu O0auskux K CoaHIlY 3BE3N oOHAPY-
JKeHo okoJo 20 acTpoMeTpruUYeCKM-IBOMHBIX
3BE3I.

5. Macca 3Bézp. JlnuTenbHble HaOJIIOmE-
HUS BU3yalbHO-IBONMHBIX 3BE3.d yOeaMJaun
aCTPOHOMOB, UTO OTHOCHTEJIbHOE BUINMOE
IBUKeHNe KOMIIOHeHTOB COBEPIIIAeTCs II0 DJI-
JIUIICY U YAOBJIETBOPSAET 3aKOHY ILIOIIALEH.
W3 sToro cienyer, YTO B ABOMHBIX CHCTEMAaX
obpalreHus 3BE3J IIPOUCXOIAT B COOTBET-
cTBUU ¢ 3aKoHaMu Kelliepa 1 MOSUYMHAIOTCS
3aKOHY BCEMUPHOTO TAroreHuns HbIOTOHA.

990
Cupunyc B
Yy 1980
1970
1950 1960
1940
1930
3anag

1910 Cesep

PucyHok 127 — OTKNOHeHue
B ABMXeHUn Cupuyca, Bbi3BaHHOe
rpaBMTaLMOHHbIM BO3MYLLEHMEM
cnyTHUKa
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Ilo mamubIiM HabJIOMEeHUN ABOMHBIX 3BE3[ IMOJYYEHBI OIMEHKHN MacC AJIs
3BE3 Pa3INUYHBIX TUIOB. AHaJN3 5TUX AAHHBIX IIPUBEJ K CIAEAYIOIIUM pe-
3yJabTaTaM.

1. Maccel 3BE€3h s3akamouensl B mpegenax or 0,03 mo 60 macc Comuiia.
Hawuboasiee xosnnuectso 3Bé3n umeer ot 0,4 o 3 mace CosHIIa.

2. CyiecTBylolas 3aBUCHUMOCTb MEXKIY MaccaMHt 3BE3J WM MX CBETHMO-
CTBIO JJa€T BO3MOXKHOCTbH OII€EHMBATL MACChl OAUHOUYHBIX 3BE3J II0 X CBETHUMO-
cram. B unrepBane mace 0,5M g < M < 10M cBeTUMOCTD 3Be3bI IIPOIIOPITH-
OHaJbHA YeTBEPTOil cTemeHu eé Maccel L ~ M*. IIpu M > 10M, mokasareb
cTeleHu paBeH 2, T. e. L = M2,

3. Macca 3Be3bl B MOMEHT €€ (DOpMUPOBaHUA ABJISIETCA BAKHEUIIINM IIa-
paMeTpoM, OIpeAedionIuM e€ MOCJeIYIOIIYIO dBOJIIOIIUIO.

4. Paguycel 3BE3] MMEIOT BeCbMa IINPOKME IIPEAEJbl, IOITOMY CPEeIH
IJIOTHOCTDH 3BE31 Kosebiercs ot 5 - 1072 go 3 - 108 RI‘/M3 (cpaBuute ¢ CouH-
mem — 1,4 - 103 xr/m3).

I'1aBHBIE BHIBOIBI

1. JIBe 3Be3Obl, BBIAEIAIONINECA Ha (DOHE APYTUX OJM30CTHIO CBOMX
BUAVMBIX TOJIOXKEHUI, HAa3bIBAIOTCS NBOWHOM 3Be3moi. J[BoiiHbIE 3BE3-
OBl ABJIAIOTCA YACTHBIM CIyYaeM KPATHBIX 3BE3[.

2. dusznuecKre ABOMHBIE 3BE3ALI — CHCTEMA ABYX 3BE3M, CBA3BAHHBIX
CUJIaMU TATOTEHUS U O0pPAIaIONINXCA OKOJIO O0IIero meHTpa Macc.

3. B 3aBuCHMOCTH OT MeTO[a HaOIIOAeHNsA NBOMHLIE 3BE3ILI IIOAPA3-
IeJAITCA HAa BU3YyaJbHO-ABOMHBIC, 3aTMEHHO-ABOMHLIEC, CIEKTPAJJIbHO-
IBOMHEBIE, aCTPOMETPUYECKH-TBONHEIE.

4. KoMImoHeHTHI (pU3MUECKUX ABOMHBIX 3BE3[ COBEPIIAIOT BUIAMMOE
OTHOCUTEJIbHOE OBU:KEHIE IO SJIJIUICY B COOTBETCTBUU ¢ 3aKkoHamu Ke-
Ijiepa ¥ MOJUUHAIOTCA 3aKOHY BCEMHUPHOTO TATOTEHMS.

KOHTPOﬂbeIe BOMpPOCbI N 3apaHNA

1. Kakune 3BE3abl Ha3blBaloTCA ABOMHbIMU? NprBeanTe nx Knaccnudukaumio.

2, Y710 Takoe amnanTyga v nepuog nepemeHHoCT/ 3aTMeHHO-NepeMeHHbIX 3B€3g7

3. [aiite o6XsicHeHWe: MoYeMy NMPOVCXOAUT CMELLEHVE JIMHWI B CMEKTPAxX CNeKTpasbHO-
nepemeHHbIX 38é3g7
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§ 25. dBonwoynna 3Bé3x

1. Omnarpamma «cnekTp-cBeTuMocTb». CyIlecTByeT 3aBHCHUMOCTDb MEMXKIY
OCHOBHBIMM (pUBMUECKUMU XapakTepuctTukamu 3Bésn. Ha ocHoBe mabuiozme-
HUU OIPEeNesIA0TCS CIIeKTPaJbHbIe KJIACCHI 3BE3M, a 10 U3BECTHOMY PACCTOs-
HUIO — abCOJIIOTHBIE 3BE3MHBIE BEJIMYUHBI, NN CBETUMOCTH 3BE3I.

B mauane XX B. HezaBHCHMO JIPYI OT Apyra OaTCKUN aCTPOHOM
ditmap IepommpyHr m amepuKaHcKkuii acrpousuk I'eapu Pecceinr ycranoBu-
JU CBA3b MEXKIY S9TUMHU XapaKTepUcTUKaMu. J[aHHYI0 3aBUCHUMOCTH MOJKHO
MIpeICTaBUThL B BHUIE AUMArpaMMbl: 0 T'OPU3OHTAJILHON OCH OTKJAaILIBaeTCs
CIIeKTPAJbHBIN KJjacc (MM TeMIlepaTypa) 3BE3J, a II0 BEPTUKAJLHOU —
WX CBETUMOCTH (B aOCONIOTHBIX BeqmumHax). Kakmoii 3Besme COOTBETCTBY-
eT TOUKa Ha 9Toll mauarpamme. Taxkas amarpaMMa Has3bIBaeTcs AUarpam-
moii 'epmmmpynra — Peccesa miam gmarpaMMOM «CIEKTP — CBETHMOCTH»
(cMm. dopsar 4).

3BE3BI Ha AUarpaMMe He paclpeessioTcs CAyduaiiHbIM 00pasoM IO Bcei
eé muomanau, a o0pasyloT HECKOJbKO I'DYIII, HAa3bIBAEMBIX IIOCIET0BATEIIhb-
HOCTSAMH.

BonbminacTBO 3BE3M Ha AuarpaMMe JIe;KaT B IIpemesiaX UYETKO BBIPasKeH-
HOUW AMAaroOHAJLHOU IIOJIOCHI, IIPOCTHUPAIOIIEMCS OT JIEBOr0 BEPXHEr0 A0 IPaBO-
ro HUKHEro yIJja, KOTopas Ha3bIBaeTCsA INIABHOM IMOCJIeT0BATEIbHOCTHIO.

B 71eBoil BepxHell yacTu IJIaBHOII HOCIEZOBATENILHOCTH HAXONSATCS Mac-
CUBHBIE TOpAYNE 3BE3ABI CHEKTPAJIBHOTO Kjacca O, KOTOpbIe B MECATKU ThI-
cAa4Y pas mpeBbImaoT mo ceetumoctu CosHie. Taxkue 3BE3ABI HA3BIBAIOT TI'O-
pauuMu cBepxrurautTamMu. Ilo Mepe YMeHBIIIEHUS TEMIePATYpPhl CBETUMOCTD
3BE3 mamaeT. 3aTeM IMO0JIOCA TJIABHOI IOCJIETOBATEJIbHOCTH IIPOXOAUT Uepes
o0sacTh, rae HaxonmATca moxoxkue Ha CosHIe 3BE3MLI Kiaacca G. W HaKoHerr,
TJIaBHAS IIOCJIEOBATEeIbHOCTD OIYCKAeTCsa K HUKHEeHN IIpaBoil YacTH Juarpam-
MBbI. 37ech HaXOAATCA 3BE€3abI Kaacca M u L ¢ maJioil Maccoii 1 OTHOCHUTEJIb-
HO HU3KOM TeMIIepaTypoii. ITU 3BE3Abl HA3LIBAIOT KPACHBIMU ¥ KOPUYHEBLI-
MU KapJUKaMU.

K 3BE€sgam riaaBHOII ITOCJIEZOBATEIBbHOCTH OTHOCSTCS XOPOIIIO M3BECT-
Hble 3BE3abI — Cupuyc (oo Boaswimtoro Ilca), Bera (o JIupsr), Harme CoJrHile.
3BE3IBI ¢ OTHOCHTEJBHO HUBKOH TeMmeparypoil dortochepst (3—5 - 103 K)
u cBetumocThio B 100—1000 pas GoJblieit cBetumocTin CoaHIIA 00pPa3yroT
mocJeT0BATeIbHOCTh KPACHBIX TUTAHTOB. K JaHHOI mocieqoBaTeIbHOCTH OT-
HOCsATCs, Hampumep, ApKTyp (o Bosomaca), Anbaebapan (o Tembira).
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M O5 BO B5 A0 A5 FO F5 GO G5 KO K5MO0 M5
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O5 BO B5 A0 A5 FO F5 GO G5 KO K5MO0 M5
CnekTtp

PlllcyHOK 128 — ﬂmarpamma «CMEeKTP — CBETUMOCTb» C YKa3aHUEeM KJlaCcCOB CBETUMOCTU

B BepxHe#l yacTu gmarpaMMBbl «CIEKTDP — CBETHMOCTBL» PACIIOJIAaraeTCs
MOCJIeIOBATEIbHOCTh CBEePXTUranToB (pruc. 128). 3To 3BE3OBLI C OUEHb BBICO-
KOM CBETHMOCTBIO, HM3KOH IIJIOTHOCTBIO, B JECATKU M COTHU Pa3 OOJILIINMUI
nmamerpamu, uem y CoJsHila. K cBepxruranTam IpuUMCIAIOT 3Be3ny berein-
reiize (0. OpuoHa).

B neBoii HUMKHEN YacTU AuUarpaMMbl PACHOJIOMKEHBI TOpAYMe 3BE3ILI CJIa-
00#1 CBETMMOCTH — IIOCJETOBATEJIbHOCTHh 0eJBbIX KapJUKOB. VX pasmepsnl
CPaBHUMEI C pasMepamMu 3eMJu, a Macchl 6am3ku K macce Couanma. ITosto-
MY CPemHSA ILJIOTHOCTb 0eJIbIX KapJWKOB IIPEBBINIAET IJIOTHOCTh 3€MHBIX
mopoa B cTo ThicsaY pad. C ApPyroil CTOPOHBI, CPEeAHASA IIJOTHOCTH 3BE3[-
CBEPXTUTAaHTOB OUeHb HU3KAd — B THICAYN Pa3 MEHbLIIE IIJIOTHOCTH 3eMHOI
atmoc(epsl. Il1oTHOCTL BeliecTBa B aTMocdepe 3Be3Obl BIUSIET HA IIUPHU-
HY CHeKTPaJbHLIX JuHuii. IlosToMy, HampuMep, y KPaCcHBIX KapPJUKOB CIEK-
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TpaJbHbIEe JIUHUY IIIUPEe, UeM Yy TUTAaHTOB U CBEPXTUTaHTOB. SHAYUT, 10 BUIY
CIeKTPaJbHBIX JUHUH OIpeneasieTcsa, K KaKol IMocJieJoBATeIbHOCTH HIpUHA-
JeXKUT 3Be3fa (riaaBHasi, KapJIUKMW, TUTAHTHI).

IIo mociemoBaTeIbHOCTU OIleHMBAETCs abCoJIOTHAsA 3BE3MHAS BeJIMUMHA,
a 3ateM u paccrosgHue (cMm. popmyay 6, § 22). ITOT MeTOA oIpeaeIeHnsd pac-
CTOSTHUI Ha3bIBAETCA METOIOM CIHEeKTPAJbHBIX MAaPAJJIAKCOB.

Haubosiee MHOTOUYHCIEHHBIMU 3BE3JaMU SBJIAIOTCA KpacHbIEe KapJIUKI:
Ha 10 MJIH KpacHBIX KapJHWKOB IIPUXOAUTCA OK0JO 1 MJIH OesbIX KapJauKOB,
npumepHo 1000 ruranToB u TOJbKO 1 cCBepXTHUTraHT.

B HMepkckoit o6cepBaTopun paspaboTaHa ABYMepHAs CIEKTpasIbHAA KJac-
cupukanua, B KOTOPOH KaKIbIHl CIEeKTP 3Be3Abl YUUTHIBAET OCOOEHHOCTH
CHeKTPaJbHBIX JIUHUHA U CBETUMOCTH 3BE3] (cM. puc. 128). Ira Kiaaccudu-
Kalus pasfelisgeT Bce 3BE3AbI Ha HECKOJBKO KJjaccoB cBetumocTH (oT I mo
VII).

Ia-0 — camble IpKUEe CBEPXTUTAHTHI;

Ia — sapKue cBepXIUraHTHI;

Iab — cpenHuUe cBepXTUTaHTHI;

Ib — cimabnle cCBepPXTUTaHTHI;

II — apxue rurantsbl;

IIT — csabble rUraHdThI;

IV — cyOruraHTsr;

V — ryjaBHasA mOCJIEL0BATEIBHOCTD;

VI — cyOKapiauku;

VII — GeJsible KapJIuKHU.

2. Poxxpenune 3Bé3p. Ilporecc 3Be3moobpazoBaHuA uaeT B l'ajlakTuke He-
IIPEePLIBHO — C MOMEHTA €€ BO3HUKHOBeHUs. IloATBep:KIAeHUEM POKIECHU
3BE3I B HACTOMAINEEe BPeMsdA ABJISIETCA CYIIeCTBOBAHNE MACCUBHBIX TOPAUYUX
3Bé3n Kaaccos O u B, BpemMsA KU3HM KOTOPBLIX He mpeBocxoauT 10 MuH JeT.

IIpomomKUTEIbHOCTD JKU3HU 3BE3[ COCTABJSIET OT MUJIJIMOHOB O JECAT-
KOB MWJIJIMAPAOB JIET. DTO BPEMSA CJIHUIIKOM BEJIUKO, UTOOBI IPOCIEINUTD 3KHU3-
HEHHBIII ITyTh 3BE3M, WM UX IBOJIOIUIO. II05TOMY OCHOBHBIM METOIOM KC-
CJIeJOBAHUSA SBOJIONUU 3BE3J CHYKUT IIOCTPOEHUNE Moaelieli BHYTPEHHEro
CTPOEHM A 3BE3].

IIpu mocTpoeHUUM MOAEJU 3aTal0OT HaUaJbHBIE YCJIOBUS (PU3UUECKOTO CO-
CTOAHHUS rasa: XUMUUYECKHI cOoCTaB, AaBJjeHue (IJIOTHOCTHL), TeMIIEepaTypy,
Maccy. 3aTeM Ha OCHOBAaHUUN (PU3MUYECKUX 3aKOHOB (Ta30BBIX 3aKOHOB, 3aKO-
Ha TATOTEHMNA) PACCUUTHIBAIOT U3MEHEHUA dTUX IIapaMeTPOB C TeUeHUEeM Bpe-
MeHH.
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PucyHok 129 — O6pa3oBaHue 3BE3f 13 ra3onbuieBoro obaaka

ITo coBpeMeHHBIM IpeAcCTaBJIEHUAM 3BE3ABI 00pa3yioTcs B pes3yJbTa-
Te c)KaTuA (TPaBUTAIIMOHHON KOHAEHCAITMM) BEIleCTBAa MEK3BE3IHOIN cpembl
(puc. 129, 1). 3Bé3abl POKAAIOTCA TPYIIIaMU M3 TMTAHTCKUX Ta30IIBIIEBBLIX
KoMmILIeKcoB pasmepamu g0 100 kK u Maccoil B JeCATKMU, a MHOTAA M COTHU
TBICSIY COJTHEUHBIX Macc. 'a3 B 3TUX KOMILJIEKCaX HAXOAUTCA B MOJIEKYJIAD-
HOM COCTOSHUU C TeMmmeparypoit okoao 10 K.

Ilox meiicTBMEM I'PaBHUTAIIMOHHLIX CHUJI KOMILIEKC CKHNMAETCS, ILJIOTHOCTH
ero pacTéT, U OH paclajaeTcsd Ha OTJeJbHbIe CT'YCTKU, WU Ia30NbLIeBbIe 06-
aaka (puc. 129, 2).

B rasonbiieBom o0JaKe CayualHO MM IOJ AefiCTBHMEM BHEITHUX IIPUUYKNH
BO3HHKAIOT I'PABUTAIIIOHHO-HEYCTOMUYNBEIE (pparMeHThbl, KOTOPbIe IPOL0JI KA~
IOT CKMMATLCA. BHEIITHUMEI IPUUYNHAMU, CTUMYJIUPYIOIIIMU 3Be34000pa3oBa-
HUEe, MOTYT CJYKUTH CTOJKHOBEHUS MOJEKYJIAPHBIX 00JaKOB; 3BE3IHLIN Be-
Tep OT MOJIOABIX TOPSAUYMX 3BE3M; yAapHbIe BOJHbBI, TOPOMKAECHHELIE BCIBIIITKAMM
CBEPXHOBBIX 3BE3N. Ecam macca (pparmeHTa JOCTAaTOUHO BEJIMKA, TO MPOUCXO-
IUT JAJbHENIui pacial Ha OTAeJbHbBIe (hparMeHThI-cTycTKH (puc. 129, 3).

dparMeHTHl 3BE3AHOM MACCHI, COKMMAIOIIHECS IO AelicTBIeM COOCTBEHHO-
o TATOTEHUA, HAa3bIBAIOT MPOTO3BE3TaMu. IIpy rpaBUTAIIIOHHOM CXKATUM ras
B IIPOTO3Be3/e PasorpeBaeTcs, ¥ OHa HAUMHAET M3JIydaTh B MHPPPaAKpPacHOM
IramnasoHe CIeKTpa. BellecTBo, OKpysKalollee AP0 IIPOTO3BE3ILI, MaJaeT Ha
Hero, yBeJUUYuBasA ero Maccy W TeMmepaTtypy. Korga maBieHue, co3maBaeMoe
U3JIyUYeHUeM 3Be3[bl, CTAHOBUTCA JOCTATOYHO OOJBIINM, IIaJleHNe BeIecTBa
mpekparmniaeTca. JlaBieHre M3JIYUYEeHUS OTPaHUUYMBAET Maccy OyIYyITUX 3BE3T
BeJIMUYNHON B HECKOJBKO JMecsaTKOB Macc CoiaHIla. JINTeNIbHOCTD CTAOUM CHKa-
THUSI 3aBUCUT OT MAacChI IIPOTO3BE3IbI: IPU Macce MEHBIIEe COJTHEeUHON — COT-
HY MUNUJIJIMOHOB JIET, IIPU 60J’ILH_IEI>'I — COTHU ThICAY JIET.
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Bpaiienre mpoTo3BE3 UTpaeT BasKHYIO POJIb B UX JAajibHeMHIeil 3BoOJIIO-
nuu. YacTo y Bpalljaloolieicsa IIPOTO3Be3Abl 00pasyeTcss BOKPYT IeHTPAJIbHO-
T'0 CTYIIEHUS MPOTAKEHHBIN rasoIbLIeBON JUCK, M3 KOTOPOr'0 IIOTOM 00pasy-
eTcs IIaHeTHaA cucreMa. PopMupyromasaca 3Be3/ia B KOHIIE CTaINU CIKATUA
UMeeT 3HAUUTEJbHBIE Pa3MepPhI IIPU €I€ OTHOCUTEJIbHO HU3KOHW TeMIIepaTy-
pe moBepxHOCcTHU. CiKaTHe MIPOTO3BE3ABI IIPEKpAIlaeTcs, KOorla TeMIepaTypa B
IEHTPe AApa MOCTUTHET HECKOJBKUX MUJIJINOHOB I'DayCOB, TOT/Ia BKJIIOYAIOT-
cA TepMOsIepPHbIE NCTOYHUKY dHEPTUU, PeaKIIUU IIPOTOH-IIPOTOHHOTO ITUKJIA.
MomeHT Hauajla TepMOSAAEePHBIX pPeaKIUil eCTh MOMEHT DPOKIEeHUA 3BE3JBI.
Temeps TeMIepaTypa W IJOTHOCTH BHYTPEHHUX CJIOEB CTAHOBATCA TaKHMU,
YTO CUJIA UX YIPYTOCTH MOYKET IIPOTHUBOAEHCTBOBATL BeCy HAPY KHBIX CJIOEB.
ITocie Hauasa BOZOPOAHBIX PEAKINI U YCTAHOBJIEHUSA PABHOBECHOTO COCTOS-
HUA 3Be3a MOIafaeT Ha TJIABHYIO IIOCJIEOBATELHOCTh AMArpaMMbl «CIIEKTD-
CBETUMOCTEL» . HOBOPOKAEHHBIE 3BE3BI MMOABIAIOTCA HA TJIABHOM IOCJIEI0Ba-
TeJbHOCTH II0 BCeii e€ mnHe (B 3aBUCUMOCTH OT UX MAacCChI).

3. DBonwuMoHHbIe nepemeweHnsa. OT Macchl B IepPBYIO ouepenhb 3aBUCUT,
KaKyl0 TeMIlepaTypy OyIeT mMeTh AAPO 3Be3Abl B MOMEHT YCTAHOBJIEHUS
YCTOMUYMBOTO PaBHOBecHs. UeM OOJIbIIIe Macca CKUMAIOIIErocs ra3oIlblIeBo-
o KOMILJIEKCAa, 3aTeM IPOTO3BE3Ibl 11 HAKOHEIl 3Be3bl, TeM OOJIBIINI BEC BEI-
IIeJIe;KaIl[uX CJI0EB IIPUXOAUTCS BBIAEPKUBATEL €€ anpy. IlosTtomy HyKHa 60-
Jiee BBICOKAsl TeMIIepaTypa, 4ToObl ra30BOe AABJIEHNE MOTJIO HPOTHUBOCTOATH
9TOMY Becy.

Camble MaccuBHBIE 3BE3MLI (pasmMepoM B 30—50 macc ConHIla) moposxa-
oT Hambosiee ropaume 3BE3nbl Kjaacca O. Temmeparypa meHTPaIbHBIX 00J1a-
cTell TaKUX 3BE3n cocTaBageT 30—35 MJIH rpagycos.

BoabIryo yacTh BpeMeHU 3Be3a HaXOAUTCS HAa IJIABHOI MOCJIeq0BATEIb-
Hoctu. Ho Tak Kak samachbl BOZOpPOJAA IIPOHOPIIMOHAJBHBI MAacce, a Pacxom
sHepruu (CBETUMOCTD) IIPOIOPIIMOHAJIEH UETBEPTOI CTEIeH! MAaCChl, TO BOJO-
PO B MACCHBHBIX 3BE3[aX BbIropaeT ObIcTpee. BpeMs mpebObIBaHUA 3BE3IbI HA
TJIaBHOI IIOCJIET0BATEILHOCTU OIIPEAeIsIeTCsa IPOCTON 3aBUCUMOCTBIO

¢ =101°% (1eT),

rge M — macca 3Be3nnl B maccax CoJHIia.
ITo mpuBeméHHOM BBIIIEe (hopMyJie MOMKHO IIOACUNTATD, UTo COJIHIIE McUep-
maeT CBOU 3amac BOZOPOAHOTO TOILIMBA mpuMepHO 3a 10 mupx Jjer (Takum
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obpazom, CotHITe, BO3PACT KOTOPOTO IO OIleH-
KaM YYEHBIX COCTABJISIET OKOJIO 5 MJIPJH JeT,
«IIPOKUJIO» Ha TJIABHOM IIOCJeIOBaTELHO-
CTU JIUINb IIOJIOBUHY CBOEH KU3HU!). 3BE3-
IbI ¢ Maccamu, paBHBIMH 10 maccam CoiH-
1la, mcuepmaimoT ero Bcero 3a 10 MmuaH Jer,
c1ab0 M3Iydaroline KpacHble KapJInKU Mac-
coit oxoJio 0,5 maccer Comama — 3a 80 mupna
ger. 'opAaumX MOJIOABIX 3BE3A-TUTAHTOB Ha-
OsfojaeTcsi MEHBITIe M3-3a MAJIOT0 BpeMeHU’
cytmiecTBoBaHuA. [losTomy HamboJiee 3aroJi-
HeHa IIpaBas HUKHAA YacTh TJIABHOM IIOCJIe-
JOBATEJIbHOCTU IMAarPaMMBbl «CIIEKTD — CBe-

PucyHok 130 — dBoniouus 3sézg  THMOCTB».
pasnuyHoi maccbl ITocse BRITOPaHUS BOAOPOJAa B Heapax

3Be3AbI 00pasyeTcs ropsuee rejieBoe sSapo.

HanbHelIIas sBOJIIOIUSA 3Be3IbI 3aBUCUT OT MAaccChl 3TOro sapa. Ecam oma
MmenbIrie 1,4 maccekl CoJIHIIA, TO IIOJ HEeHCTBUEM TI'PABUTAIIMOHHOTO CKATHUS
reJmeBOe AP0 CHOBA pasorpeBaercsa (TeMmiepaTrypa mosbimiaerca 10 100 Mo
rpanycoB). BHerrnume cjiou 3Be3Ibl IIPU 3TOM PACIIUPAIOTCS U OXJIAXKIAIOTCA.
3Be3na cJ0BHO pa3dyxaer. CBeTHMOCThL €€ BO3pacTaeT, a TeMIlepaTypa Iajma-
eT. 3Be3a CXOAUT ¢ IJIaBHOH IIOCJIEeN0BATEIHLHOCTH U B 3aBUCUMOCTHU OT Mac-
CBhl CTAHOBUTCSA KPacHBIM ruratoM (puc. 130) mau cBepXIUTraHTOM.

Paspacraromiasca armocdepa 3Be3Abl IIOCTEIEHHO yIaJsIeTca OT Aapa, 00-
pasys IIaHeTapHYI0 TYMaHHOCTh. KOHEUHOI cTaanell 9BOJIIOIIUN 9TUX 3BE3]
ABJIAIOTCA Oesible KapJauKu. BesibIi KapJauMK — KOMIIAKTHAas 3Be3Ja C Mac-
coit, paBHOU mpuMepHO Macce CoaHIla, paguycom mpumepHo B 100 pas MeHBb-
mre Couaiia. IlmorHoCcTs Takux 3BE3M 6osiee ueM B 100 ThIC. pa3 IPeBOCXOIUT
ILJIOTHOCTH BOJBI.

Kaxk u Bce 3Bésanl, CoJIHIIE IIPOXOAUT CTaIUM 3BoJIOIIMHu. Uepes H—
8 MJpA JeT OHO IPeBpPaTUTCA CHauaja B KPAaCHBLIM TMTaHT, 3aTeM, COPOCUB
000JIOUKY, CTaHeT 6eJLIM KapJanKoM. 3BE3IbI, KOTOPble HAMHOTO MAaCCHUB-
Hee CoJHITa, IpeBpAIAOTCS B XOe SBOJIIOINYN B HEHUTPOHHBIC 3BE3IbI (IIpHU
macce ot 1,4 mo 2,5 maccel CosHIa) mam uépHbIe OLIPHEI (IpuU Macce Oojee
2,5 maccer ComnIla), mpoxoasa crangnio CBepXHOBOIM.
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@ I'raBHBIE BHIBOOBI

1. Mexay pasJuuHBIMUA (PU3HUYECKUMU XaPAKTEPHUCTUKAMU 3BE3[
CYIIlECTBYeT CBA3b. J[marpaMma 3aBHCHUMOCTH CIEKTPAJbHBIX KJIACCOB
3B€31 (MM TeMIlepaTyp) OT MX CBETHMOCTH HAa3bIBAeTCA AHAarpPaMMOM
«CIIEKTP — CBETHUMOCTD» .

2. JBoJIIONUA 3BE3N — IMOCTEIeHHOe M3MeHeHH’e C TeUueHueM BpeMe-
HI QUBNUYECKUX XAPAKTEPUCTUK, BHYTPEHHET0 CTPOEHUA 1 XUMUUECKO-
O cocTaBa 3BE3].

3. 3Bé3abl 00pa3yioTcs B pe3yJabTaTe TPaBUTAIIMOHHOTO CKATUA Be-
IIIeCTBA M3 ra30NbLIeBbIX KOMILJIEKCOB.

4. 3Bé3aBI B IPOIlEcce BBOJIIONNN IMPOXOIAT CTAAUU OT IPOTO3BE3
IO KOHEUHBIX CTaguil (B 3aBHCHUMOCTH OT MAacChbl) — OeJBIX KapJIUKOB,
HEeHUTPOHHBIX 3BE3[ MJIM UEPHBIX IBID.

5. Ilepexon 3BE3M ¢ Pa3IMUYHON MacCOH Ha JuarpaMMe «CIIEKTDP —
CBETUMOCTh» C OJHOM IOCJIEZOBATEJILHOCTH HA JPYTyI0O B XOJle MBMEHEe-
HUS X IIapaMeTPOB CO BpeMeHeM Ha3bIBAeTCS 9BOJIIOIIMOHHBIM IIepeMe-
IIeHreM.

6. Kimaccel cBeTmMOCTM — 3BE3IHBIE I'PYINObI, YUUTHIBAIOIINE OCO-
OEHHOCTHU CIIEKTPAJIbHBIX JUHUI M CBETUMOCTL 3BE3]I.

@ KOHTpOl’IbeIe BOMNPOCbi N 3agaHnNA

1. Mo Kakomy MpPUHUMMY CTPOUTCA AMarpaMma «CMekTp — CBETUMOCTb» (gmarpamma
lepuwnpyHra — Peccena)?

2. Kak Ha guarpamme «CnekTp — CBETMMOCTb» pacronaralTca 3BE3[bl PasfiMyHOro
pa3mepa?

3. [aiite KpaTKylo XapaKTepucTuky 3Bé3am: CBEPXTUraHTbl, KpacHble ruraHTbl, 6enble
KapJ/IMKW, KpacHble Kapnunku.

4. Yto noHMmaloT nop sBontounen 3sésn?

5. OnuwwuTe B 06WUX YepTax NpoLecc obpa3oBaHnsa 3BE3.

6. UTo NoHMMalOT noj Knaccamm CBETUMOCTM?
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§ 26. HectaynoHapHble 3BE3abl

1. O6uan xapaKkTepucTuKka rnepemMeHHbIx 3Bé3a. MHorue 3BE3AbI UBMEHSIOT
cBOU (pU3MUECKNEe XapaKTEePUCTUKMN B Te€UeHMEe OTHOCUTEJIHbHO KOPOTKOTO IIe-
puona BpemeHu. Takue 3BE€3bI HA3LIBAIOTCSA HECTAIIMOHAPHBIMHU. B oTianune
OT 3aTMEHHO-TIEPEMEHHBIX 3BE3[N (cM. § 24) OHM MEHSIOT CBOIO CBETUMOCTDL B
pesyJiabTaTe (PU3MUYECKUX IIPOIIECCOB, MMPOUCXOAAINIUX B caMuX 3Bésmax. Ilo
9TOM MPUYNHE UX HA3LIBAIOT (PM3UYECKUMHU MIEePEeMEeHHBIMH 3BE3TaMU.

B saBucumocTH OT XapaKTepa IIPOTEKAIIINX BHYTPHU 3BE3ALI IIPoIeccoB (hu-
3UYecKue mepeMeHHbIe 3BE3bI OBIBAIOT MYJILCUPYIONIMMU U SPYITUBHBIMU.

IIyascupyronue nepeMeHHbIe 3BE3bI — (pU3MUECKUE IMepeMeHHbIe 3BE3-
IbI, Y KOTOPBIX IPOUCXOAAT ImepuoanuecKre Kojebauusa Oecka (HampuMmep,
nedeunsr, 38€3ab1 Tunia RR Jlupsl, Mupungsr).

JpynTHBHBIE 3BE3OBI — (PUBMUECKUE IIepeMeHHbIe 3BE3AbI, POIBITIONINE
CBOIO IIEPEMEHHOCTDb B BUE BCIILIIIEK, KOTOPLIe 00BICHAIOTCS BBIOpOcaMu Be-
miecTBa (HaIpuMep, HOBLIE M CBEPXHOBEIE 3BE3MbI).

Bce mepeMeHnHbBIe 3BE30bI UMEIOT CIIEIIUAIbHLIEe 0003HAUEHU S, €CJIM UM He
ObLIM IIPUCBOEHLI pPaHbIe OYKBBI IpeuecKoro ajdasura. B xasKaoM cosBes-
nun 1mepsble 334 mepeMeHHBbIEe 3Be3AbI 0003HAUYAIOTCA IIOCJIEN0BATEIbLHOCTRLIO
oykB JatuHckoro andasura R, S, T, ..., Z, RR, RS, ..., RZ, SS, ST, ..., ZZ,
AA, ..., AZ, QQ... c gobaBeHeM Ha3BaHUA COOTBETCTBYIOIIErO CO3BE3AUA.
Crnenyioiiue mepeMeHHBIe, KOTOPBIM He XBAaTHJIO KOMOWHAIIMU 3TUX OYKB B
co3Be3quu, obosHauarorca V 335, V 336 u T. &.

2. NMynbcupyowre nepemveHHble 38é3abl. [lepBad mysbcupylolasa 3Besna
ObL7Ta OTKPBITA HeMeIlKuM acTpoHoMoM [laBuaom Pabpummycom B 1596 r. B
cosBe3nuu Kurta u HasBama Mupoii. Ilepuon usmeHeHus 6Jiecka 5TOH 3Be3IbI
cocraBiaser 331,6 cyToK.

HoaromepuoauvecKkue mepeMeHHbIe 3BE3ILI (C IepuogaMu OT HEeCKOJIbKUX
HeaeJb M0 rofa u Oojee; 3BE3AbI Tuma Mupsl Kura) HasbIBAIOTCA MUPUTAMU.
IIpakTuuecku Bce 3BE3ALI HSTOTO THUIIA — KPACHBIE TMTAaHTHI OTPOMHBIX Pas-
MepoOB U OOJIBIIION CBETUMOCTH. AMILINTYALI NU3MEeHEeHUA O0JIecKa TAKUX 3BE3T
MOTYT IOCTUTaTh JEeCATH 3BE3THBIX BEJIMUMH.

IIpu 5BOJIOIMOHHOM IIPEBPAIEHUN 3Be3Ibl B 3BE3Ay-TUTAHTa IIPOMCXO-
IUT yBeJINUYeHNe eé o0béMa M yMeHbIIeHIe CPegHell IIJIOTHOCTH BeIllecTBA.
B 5T0 BpeMsa BHYTpeHHee CTPOeHUe 3Be3bl M3MEHIeTCSI KOPEeHHBIM 06pasoM,
YTO MOJKET COIPOBOKIATHCA HaPYIIEHNEM PaBHOBECHUS MEXKIY CHJIaMHU T'pa-
BUTAIIMOHHOTO IPUTAKEHUA U JYUEBOrO AABJIEHHUA. ITO HIPUBOIUT K IIEPUO-
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OUYEeCKUM KoJebaHuAM o0BhEMa 3Be3nbl: eé KpuBasa 6necka m
000JI0UKA TO pacIIupsAeTCs, TO CKUMAaeT-
ca. Takue mepumommnuecKkue KoJieOaHUs IIe-
PEMEeHHBIX 3BE3J HA3bIBAIOTCS MHYJIbCAIIH-

KpuBaa nyyeeson s
oHHbBIMU. llynbcanmusa 3Be3Abl IPOUCKOLUT Rz *

oo %, CKOpOCTH e®®" s

6Jarogapa KJIANaHHOMY MEXaHUu3My, KOTga W et %
HeIIPO3PavHOCTb HAPYIKHBIX CJ0EB 3Be3]bI i K
3a/IePyKUBAET YaCTh WBJIYUYEHUS BHYTPEH- Tem'f%g;i;pb,
HuX cjJoéB. IIpu HarpeBaHUM HaPYKHBINA 0 2]

CJIOM CTAHOBUTCA HPO3PAYHBIM, IOTOK BBI-
XOOAINero M3JyUeHuA yBeauumBaeTcs. Ho
BTO IPUBOAUT K OXJAMKIEHWIO U COKATHIO, PucyHok 131 — lpadukn
13-3a Uero CJIOH CHOBA CTAHOBUTCS HEIIPO- N3MeHeHus bnecka, nyyesoit
3pavyHBIM U BeCh IIPOIECC HOBTOPAETCA ckopocTi u TemnepaTypbl ueeun
CHOBA.

OOGIIUPHBIN KJIACC OUEHDb APKUX IePeMEeHHBIX 3BE3]-CBEPXTUTaHTOB U I'U-
ra"aToB KJjaccoB F u G HaspiBaercsa nedeumamMu. ITO OyJIbCUPYIOIINE Tepe-
MeHHBIE€ 3BE3IbI, 0JIeCK KOTOPBHIX ILJTABHO U MepuoAudvecKm MeHsercsa ot 0,5
o 2 3BE3MHBIX BeqnumnH. Ilepmon msMeHeHus Ojiecka cocTaBiseT oT 1,5 mo
70 cyrok. HasBaume mpoucxogut ot o Iledesa — omuoii us HanboJiee TUINU-
HBIX IJA JAHHOTO KJacca IIepeMeHHBIX 3BE3I.

OmgHOBpEMEHHO C BUAMMOI 3BE3MHON BEeIMUYNHON y meden] MeHsSeTCa
cuexTp u Temieparypa (B cpexmeMm Ha 1500 rpagycos) (puc. 131).

Ilepuon mynabcamuii 3Be3Abl 3aBUCUT OT CPeIHel IIJIOTHOCTU e€ BelllecTBa
U MOAUYNHACTCA CJEAYIOIell 3aKOHOMEPHOCTH:

_ const _ 0,12
b b’

rae P — mepuopn mysbcanuil B CyTKax, p — CPeNHAA IJIOTHOCTD (B eIMHUIIAX
cpenueii mnotHocTu CouiHiia). CpelHsAsa IIJIOTHOCTH BelllecTBa Iledeus cocTas-
aser oxoso 1072 kr/m3.

IHedeunsr ¢ 6oabIielt Macco MMEIOT OOJBINTYI0 CBETHMOCTh, OOJBITTNIA
pagmyc, HO MEHBINYIO HJOTHOCTL M, COOTBETCTBEHHO, OOJNBIITHUUA II€PUOT
myJabcanuu, T. e. medenabl 00JaTal0T BayKHOM 3aBUCHMOCTBIO «II€PUOT —
cBeTUMOCTh» (puc. 132). 9Ta 3aBUCHUMOCTH OIMCHIBAETCS BBIPAKEHUEM:
M =-1,01 — 2,791g P, rone P — mepuoj m3MeHeHIsd 0JecKa B CyTKax, a M —
cpenHas a0bCOJIIOTHAs 3BE3MHAA BeJMUYMHA. TakuM o0pas3oM, II0 M3BECTHOMY

P
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Mpg u3 HabJIOIeHUil MepuoAy MOKHO OIIpeje-
—-6™M JUTH a0COJIIOTHYIO 3BE3NHYI0 BeJIUUUHY WK
L CBEeTUMOCTh 3Be3nbl. CpaBHUBaAs €€ c Ha-
OJIIomaeMoil BUAMMOII 3BE3LHOII BEJIMUYMHOMN,
MOJKHO OIpPeIe/JUThL PacCTOsSHUEe A0 IHeden-
Ibl. BBICOKAas CcBETHMMOCTH M IIEPEMEHHOCThH
OJiecKa II03BOJIIIOT OOHaApPY:KUBATH Ileden-
"RR lupbi OBl BILIOTh A0 paccrosuui 20 Mnk. x Ha-
OJIIOZAIOT B OJMMIKANIIINX TraJaKTHUKaX, olIpe-
! ! ! Iesisdsd TaKuM 00pasoM PACCTOAHUSA OO0 dTUX
-1 0 1 2 3BE3AHBLIX CHCTEM.
IMedeunsr 06pasHOo Ha3LIBAIOT MadAKaMU
PucyHok 132 — lpaduk Bceenennoii. K HacTosmieMmy BpeMeHU B HaIlllei
3aBMCUMOCTN abcontoTHOM TamakTure nsBectHo cBbIle 800 medens.
3BE3QHON BENNUUNHDBI OT nepuoaa JIpyroii PasHOBULHOCTHIO IYJIbCAPYIO-
M3MeHeHUA bnecka 3B&s IUX TI€PEeMEeHHBIX 3BE3]] ABJIAIOTCA 3BE3IBI
y uedenn n 38é3 Tuna RR Jlupel tunia RR JIupsl, umeromiue 6ojiee KOPOTKUeE
nepuoasl ot 0,2 1o 1,2 cyrok. IIpakTuuecku
BCe 3BE3IbI 9TOTO THUIA — THUTAHTHI CIIeKTPaJbHOro Kjaacca A. OHU oueHb OBI-
CTPO MEHAIT 0JecK. AMILTUTYAa U3MeHeHusd OJiecka mocturaer 1-ii 3BE3THOM
BEeJIMUMHBI. ¥ 3THX 3BE3J, KaK U y Iedeuns, cymecTByeT 3aBUCUMOCTb MEKIY
IIepuooM U CBETUMOCTBIO (cM. puc. 132).

- Uedengnbl

o b b b kb

3. HoBble 3Bé3bl. 3BE3abI, OJIECK KOTOPBIX BHE3AIIHO YBEJIWYNBAETCA B
TBICAYN ¥ MUJIJHNOHBI pas 3a HECKOJBbKO CYTOK, IOCJe uero ocjabeBaeT 0
IIepBOHAYAJIbHOTO B TeUeHUE rofia u 0ojiee, Ha3bIBAIOTCS HOBBIMHU 3BE3TaMM.

TepMuH «HOBas 3Be3la» He IOAPa3yMeBaeT, UTO 3Be3na poauach. Tak
HA3BIBAIOT 3BE3IbI, Y KOTOPLIX OJIeCK BHe3amHO yBeauuuicsa. Haopumep, oa-
HAa M3 HOBBLIX 3BE3]l, BCIOLIXHYBINAsA B nioHe 1918 r., yBemuumniaa cBoi 0JecK
3a ueThIpe AHA ¢ 11-i1 go —0,5-i1 3Bé3gHOI Beauuuubl (T. e. B 40 ThIc. pas), a
3aTeM IIPUHAJA Ope:KHee 3HaueHUe OJecKa 3a mepuof 4yTh Oojee 1,5 roxa.

HabGmronennsa moxkassIBaioT, YTO BCIILIXMBAIOIIUMY HOBLIMU 3BE3TaMU AB-
JISIOTCA TopAYne Oesible KapJIuKU CIeKTpalbHbIX KiaaccoB O — B, umeromniue
a6COIIOTHYIO 3BE3AHYIO BeJINUNHY mopanka 4™—5". Bo BpeMs BCIBIIIKK 5TH
3BE3bl YBEJIMUMBAIOT CBOII OecK Ha 7"—16™ 3Bé3mubiX BeanuuH (puc. 133).
3a BpeMsA BCIBIIIKYE HOBAs 3Be3fa marydaer sHepruio okoso 1028 ik (taxas
sueprud usayuaercsa Comumem mpumepHo 3a 100 Twic. gert!).

ITpuunHO¥ B3pLIBA HOBBIX 3BE3J ABJSETCSI O0OMEH BeIlecTBa MeXKIY KOM-
IMMOHEHTaMU TECHBIX MTBOWHBIX Iap, K KOTOPBLIM IIPHHAIJIEKAT BCE MOCTATOU-
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PucyHok 133 — lpadumk nsmeHeHna 6necka HoBol 3Be3[bl

HO JeTaJIbHO HCCJIeLOBAaHHLIE OBLIBIIINE HOBBIE 3BE34bI. MHOI'E HOBBIE 3BE3bI
BCIBIXMBAIOT HEOOJHOKPATHO. ECJN BCILIIIIKA ITOBTOPAETCS, TAKYIO 3BE3y Ha-
3LIBAIOT ITOBTOPHOM HOBOM.

4. CBepxHoBble 3Bé3abl. CBepXHOBEIE 3BE3bI — OIHO M3 CAMBIX I'PAHIMO03-
HBIX U 3aXBaTBHIBAIOINX KOCMUYECKUX ABJIeHNI. CBePXHOBLIMU HA3BIBAIOTCS
3BE3/bl, BCIBIXMBAIOIIME MOJO0OHO HOBLIM K AOCTHUTAIOINNE B MaKCHUMyMe ab-
COJIIOTHOM 3BE34HOU BeauuuHLI oT —18™ 1o —19™. OTaenbHbIEe CBEPXHOBLIE B
MaKcuMyMe 0JiecKa IIPEeBBIIIAI0T cBeTUMOCT: COJHIIA B JECATKU MUJILINAPIOB
pas, gocturasa abCoJIIOTHON 3BE3AHON BeanunHsl M = —20™——-21".

B KuTalicKux JIeTOMMCAX YIIOMHHAaeTCs O BHe3almTHOM mosBieHuu B 1054 r.
B cos3Be3gumu Tenbita m HabiaomaBIneicsa
KUTAWCKUMHU M ANOHCKUMM aCTPOHOMAaMU
«3Be3ILI-TOCTBU», KOTOpas Kasajach Apue
Benepn! u Obnlia Bugua gaxke gaéMm. Coycrs
IBa Mecsdlla 9Ta 3Be3la Hauvajga yracarb, a
eIrlé uepe3 HECKOJbKO MECSAIeB COBEPIIEeHHO
ucuesaa U3 IOJIsI 3peHusd. B Haile BpeMs C
IIOMOIIIBbI0 JOCTATOYHO MOIIHBIX TEJIECKOIIOB
B 9TOM CO3Be3JAWH MOYKHO BHUAETH TyMaH-
HOCTh NPUUYYAJUBON (POPMBI, HAIIOMUHAIO- PucyHok 134 — Kpa6osugHas
IITYIO ILIBIBYIIETO B Boje Kpaba. TymaHHOCTH TYMaHHOCTb — OCTaTOK
Tak W HasBaau — KpabGosugnas (puc. 134). OT B3pbiBa CBEPXHOBOIA 3Be3/ibl
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HabmrogeHnss IOKasaan, 4TO OHA PACIIH-
psaercsa. C y4éTOM CKOPOCTH pacIIupe-
HUS MOKHO 3aKJIIOUUTDL, 4uTO KpaboBun-
Has TYMAaHHOCThL — 3TO OCTATOK B3PhIBA
cBepxuoBoii 1054 1.

B mamei#t 'amakTukKe 3a mocjenHee
ThICAUYEJeTHE 3aPEerucTPUPOBAHO He-
CKOJIBKO CJIYYaeB BCIBIIIIEK CBEPXHOBBIX

PucyHok 135 — CBepxHOBas 3Bé3n. Hambosee spkas cBepXHOBasA 3BE3-
SN 1987A B Bonbuwom MarennaHogom A8, HAOMIOZABINAACA C IIOMOIIBIO COBpe-

O6nake (ykasaHa CTPenKoii) MEeHHOII TeXHWKU, modBmiaach B 1987 r.
B OJHOH M3 OMMMKAWIMINX TAJaKTUK —
Boasmiom Marenmamosom Ob0smaxe (puc. 135).

3Be3Ia BCOBIXMBAET BCJIEACTBHE KoJuaalnca (CXJIOMLIBAHNA) CBOETO MACCUB-
Horo aapa. IIpoucxoaut sTo caemyoomum oopasom. Ha pasHBIX sTamax Kus-
HUM MACCHUBHOM 3Be3[bl B €€ sfape MPOTEeKAIT TePMOAJAepPHbIE PeaKIluu, IIPU
KOTOPHLIX CHAuaJia BOJAOPO] IIPeBPAIllaeTcs B Tesinii, 3aTeM TeJUuil — B yrJe-
pox um T. A. mo oOpasoBaHUA Amep dJaeMeHTOB rpymnmsbl Keaesa (Fe, Ni, Co).
ITocTemenHo 3Be3ma BcE Oogbilie  OOJbBINIE «paccaauBaeTcs» (puc. 136).

fAnepHble peakmuu ¢ obpasoBaHHEM eIlé 0ojiee TAMKEILIX XUMUUYECKUX
2JIEMEHTOB HAYT C HOIJIOIIEHNEM SHEPIruM, IIO3TOMY 3Be3a HAUMHAET OXJIAMK-

IaThbcAad U CKUMaAThCA. BHY-
TPEeHHUNE CJIOH CJOBHO 00py-
Bopopon IIXBAIOTCA K IEHTPY 3BE3MHI,
Fenui MIPOUCXOMUT TEPMOAMEPHBINA
. = |Yrnepopg

. | kncriopon B3PbIB, BO3HUKAET yIapHasd

o o BOJIHA, OBMIKYINascsa oOpaTHO

0...© mg’:f’pon OT IleHTpa. B uTore Hapy:KHbIe
\ . CJIOM 3Be3Jbl BEIOPACHIBAIOTCSA
o MarHui C OrPOMHOU CKOPOCTBHIO W Ha-
. KpemHuin OJromaeTcs BCIBIIIKA CBEpPX-
A4 Kanbumit .
: | Xeneso IIpu B3pBIBE 0CBOOOMKIAET-
7 . Hukenb 46
10 . 0 KoBaner cda sHeprud nmopagka 10™° Jx.

Tarkyo sueprui Harre CoJH-
Ile CIIOCOOHO WMBJIYUYUTh JIHIIb

PucyHok 136 — PaccnoeHmne maccuBHbIX 3BE3f 3a MusnapAsl jet. Ot orpom-

PaccTosHmne oT ueHTpa, kM K, = 10" kr/m?
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HOM 3Be3IbI OCTAIOTCA TOJBKO PACIIUPAIOIIAICA ¢ 00Jb-
IITOM CKOPOCTBHIO ra3oBas 000J0UKa M HEHTPOHHAsS 3Be3-
Ia (miu yépHas OBIpa).

Ecau 3Bé3gmass macca HeBeJIHMKa, TO CUJIBI I'DABUTA-
MY CPAaBHUTEJNLHO cJIabbl U cKaTwe 3Be3Ibl (rpaBuTa-
IIMOHHBIA KOJIJIAIC) IpeKpalaercsa. Ilpu oueHb BHICOKOM
ILJIOTHOCTU BeIleCTBa 3JIEKTPOHBI, COEAUHASICH C IPOTO-
HaMu, 00pas3yioT HeHTpaJbHBIE UACTUILI — HEUTPO-
HBI. Bckope mouTu Bcs 3Be3ma OyIeT COCTOATH M3 OJHUX
HeHTPOHOB, TECHO IPMIKATHIX APYr K APYTry U OTPOM-
Has 3BE3gHaA Macca OyneT cocpeloTOUeHa B OUEHL He-
0O0JIBIIIOM IIIape Pa3MepOM IMOPAAKA AeCATU KMJIOMETPOB
(puc. 137). ILnoTHOCTE ATOTO IIapa — HEHTPOHHOU 3Be3-
ABI — MOKeT cocraBiaATs 1017—1018 Kr/ Mm%, Ecm Takas
3Be3za 00JIalaeT MOIIHBIM MATHUTHBIM IIOJIEM U HaXo-
OUTCA B IBOMHOM CHUCTeMe, BEIIIECTBO COCEIKI MOJKEeT 3a-
XBaTBIBATHCA U MAAaTh BAOJDL JUHUHA MarHUTHOTO IIOJA,
co3maBas B paiioHe MarHMTHOI'O IIOJIOCa ropsAuee MATHO,
u3JyJaloliee B paguoguamnasone. B TakoM ciayuae Oymer
HabOJI0maThCA MyJdbcap — OBICTPO Bpalllaroliascs Hei-
TPOHHASA 3Be3Ma, MCIYCKAIoIlasd PaguONMIIYJIbChI C IIe-
puogom ot 0,0014 mo 11,8 c.

Ecam B Hempax 3Be3Ibl OTCYTCTBYIOT CHUJIBI, IIPOTH-
BOJEHCTBYIOIME €€ CXKATUIO MOJA OelicTBUEM CHJ Tpa-
BUTAI[IM, TO 3Be3Ja U Aajibilie OyaeT IPOMOJIKATH
c:kuMaTheA. IlaoTHOCTE BelecTBa OyIeT IPOAOJIMKATH
yBeJINUMNBaATLCA. B pesyibTaTe MaccuBHAS 3Be3Za Ha 3a-
KJIIOUNTEJILHOM dTalle CBOeIl HBOJIIOIUU IIPEBPAIaeTCa
B HEYAEPKUMO CKUMAIOIMUNCA O0BEKT — UYEPHYIO IbI-
py (puc. 138). Ilose TATOTEHUSA Ha TPaHUIle UEPHON IBI-
PBI HACTOJBKO BEJIUKO, YTO CUTHAJLI OT 9TOTO O0BEeKTa
He BBIXOJAT HAPY:Ky (OTCIONa MPOUCXOAUT €€ Ha3BaHUE).
JdpyrumMu cjaoBaMu: I'PaBUTAIMOHHOE TI0JI€ UEPHOM bI-
PBI HACTOJILKO CUJIbHOE, UTO JAa’Ke CBET He B COCTOSHUU
ero IIPeooJeTh.

Kpurnueckuii paguyc, 0 KOTOPOTO JOJIXKHA CIKATH-
csd 3Be3na, YTOOBI IIPEeBPaTUTLCA B UEPHYIO ALBIPY,

PucyHok 137 —
OTHOoCHTenbHble
pa3mepbl 6enoro
Kapnuka n
HENTPOHHOI 3Be3Abl

®

PucyHok 138 —
OTHOCUTeNbHbIe
pasmepbl
HEeNTPOHHON 3Be3Abl
1 YEpHoON Abipbl
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Ha3bIBAETCA IPABUTAIMOHHBIM pagumycoMm (r,) miu paguycom Illeapywunvoa.
Il MacCUBHBIX 3BE3J] I'y COCTABJIAET HECKOJIBbKO JeCATKOB KMJIOMETPOB U MO-
JKeT OBITh paccuuTaH mo opmyJe:

_2GM

T,
g 5
c2

rae G — rpaBUTaIlMOHHAA MOCTOAHHaAA, M — Macca 3Be3[Ibl, ¢ — CKOPOCTH
cBeTa.

Teopusa OTHOCUTEILHOCTHU IPUBOAUT K BBI-
BOOY, UTO BEINECTBO AOJIXKHO OBITH CYKATO B
MUKPOCKOIIMYECKHN MaJioM 00'bEéMe IIPOCTPaH-
CTBa B IleHTPE UEPHOM ABIPHI. ITO COCTO-
AHUEe Ha3bIBaeTCsd CHHTYJIAPHOCTHIO. I'pa-
HUILY YEPHOU ABIPHI MMEHYIOT TOPM30HTOM
COOBITHIA.

Tax Kax 4U€pHBIE OBIPHI HEIIOCPEICTBEH-
HO HaOJIOJATh HEJIb3s, IOUCKU UX COIIPMKe-
HBI C OOJIBIIUMU TPYAHOCTAMHU. Halle Bcero
YEPHYI0 ILIPY YAAETCA OOHAPYKUTH IBYMS
crmocobamu. Bo-TiepBBIX, €cJau AbIpa o0Opa-
30BaJiach B JBOMHOW CHUCTEME 3BE3N, TO €€ IIOJIOKEHHEe MOYKHO OIpeaenTh
mo 0o0palfeHni0 BTOPOTO KOMIIOHEHTA BOKPYI MAaCCHBHOTO «IIYCTOTO MECTa»
(puc. 139). Bo-BTOpBIX, IIpHW IIaJieHUU BeIleCTBA HA YEPHYIO ABIPY MOJIMKHO
BO3HHUKATL MOIIIHOE PEHTTeHOBCKOE H3yueHue. VICTOUHUKU TAKOTO U3JIyue-
Husa (JIebegp X-1, CropnuoH X-1 u 1p.) 3aperucTpUpPOBAHLI «KaHIUIATAMU »
B UEpHBIE OBLIPHI, KOTOPHIE TaK’Ke MOTYT CYIIeCTBOBATL M HAOJIOZATHCA KaK
TMOCTOSTHHO B3aMMOJIEMCTBYIOIIME C BEIIECTBOM B AApax raJaKTHK.

PucyHok 139 — Cxema uyépHon
Ablpbl B ABONHOWN cucteme

@ T's1aBHEBIC BBIBOIBI

1. 3BEé31bI, KOTOPhIE U3MEHAIOT CBOU (DM3MUYECKUEe XapaKTEePUCTUKU
B TeueHNle OTHOCUTEJIbHO KOPOTKOI'O IIepuoJa BpPeMeHU, Ha3bIBAIOTCA
HecTanmmoHAPHBIMU. OHU GBIBAIOT MYJIbCUPYIOITUMU U 3PYITHBHBIMHU.

2. ®usuuecKkre mepeMeHHBIe 3BE3NLI — JTO IIYJIbCUPYIOIINE 3BE3-
IbI, KOTOPbIe MEHAIOT CBOI0 CBETUMOCTDH 382 KOPOTKIE IIPOMEKYTKHU Bpe-
MEeHHU B peayJbTaTe (hM3UYECKUX IIPOIECCOB, IMPOUCXOAAIMNX B CaMOM
3Be3Je.



§ 26. HectaumoHapHble 3BE3bl 177

3. OpyITUBHEIE 3BE3MbI — (hU3UUECKUEe MepeMeHHbIe 3BE3IbI, IIPOAB-
JISTIOIVIE CBOIO II€PEMEHHOCTHh B BHUJe BCIBIINIEK. K HUM OTHOCATCS HO-
BbI€ I CBEPXHOBBIE 3BE3/bI.

4. HefiTpouHble 3BE3abI 00pPas3yIOTCA IIPU B3PhIBAX CBEPXHOBBIX
3Bé3xn. HexoTophle 13 HUX HaAOJIOAAIOTCA KAaK IIyJIbCAPbI, OJIS KOTOPBIX
XapakTepHO MOIIHOe y3KOHAIIpaBJeHHOe IIyJbCUPYIOIlee PaguOU3JIy-
yeHue.

5. UépHada npIipa — 00J1aCTh 3aMKHYTOTO IPOCTPAHCTBA, CO3JaHHAA
TPaBUTAIIMOHHBIM IIOJIEM MACCHUBHOIO TeJia, KOTOPYIO HE MOTYT ITOKU-
HYTb HU YaCTUIILI, HU U3JIyUYeHUe.

6. B xoze sBosronuu 3BE3N (B Pe3yabTaTe TEPMOSAEPHBIX PeaKkIuil u
B3PLIBOB) MPOUCXOIUT 00pas3oBaHMe XUMUUYECKUX 3JIEMEHTOB.

@ KOHTPO]’IbeIe BOMNPOCbl N 3agaHnA

1. Yem oTtnnuaiotca ¢ursnyeckne nepemMeHHble 3BE34bl OT 3aTMEHHO-NEPEMEHHbIX
3B€307

2. KakoBa npuynHa nynbcaumi uedena?

3. B yém coctout otnmumne HOBOW 3Be3Abl OT CBEPXHOBOW?

4. Onpepenvte cpefHiOw NMIOTHOCTb Ledeunabl, ecnin eé nepuop Nynbcauuii coctaBnaet
1,0 cyT.

5. Kak obpa3osanacb KpaboBuaHaa TymaHHOCTb?

6. KakoBbl NpUYMHbI B3pbiBa HOBbIX N CBEPXHOBbIX 3BE377

7. O6XACHUTE MeXaHM3M pajMousnyyeHnsa nynbcapa.

8. Kakon o6MeKT Ha3blBalOT YEpPHON Ablpoi? Kakmmm cBocTBamu obriagaeT 4YépHas
abipa?

9. Onpepgenute pagnyc X Bapuwwunbaa ana ConHua.



Paspen VI

CTPOEHUE U >BOJIlOLLUNA
BCEJIEHHOW

§ 27. Hawa NnakTuka

1. Crpykrypa lanaktukn. Ha ocenHeM HOUHOM Hebe B fACHYIO 0€3JYHHYIO
HOYBb C 3aIllajia Ha BOCTOK uepes 3eHUT (IMUPOTHI Benapycu) TAHETCS XOPOIIIO
3aMeTHad cBerdamlasaca moaoca — Maeunsrii IlyTe. [IpeBHue rpexu MitleuHBIH
IIyTs masBanu l'amakTukoit (rpeu. gala — mosoko). Emé Iamumeo Ianuneit
B 1609 r. B Teneckom ob6Hapy:KMUiI, uTo Mieunblii IIyTh cocTOUT M3 MHOMKe-
cTBa cJIaOBIX 3BE3]I.

Miaeunprit IIyTs npoxoauT uepes 00a MOJIYIIApUA IO OOJBIIIOMY KPYTry He-
6ecHoii cdepsl (puc. 140). JIlmausa, nuayiaa Baoab cepenuubl Mieunoro IlyTu,
Ha3BaHa raJJaKTHYeCKHM 3KBATOPOM, a 00pasyiolnas ero HJIOCKOCTh —
rajJJaKkTHYeCKOM ILTOCKOCThIO. ['aaKTHuecKas ILJIOCKOCThL HAaKJOHEHA K ILIO-
CKOCTHU HeOecHOTo sKBaTopa Ioj yriioMm 63°.

WUrak, N'amakTuka — 5TO rpaBuTa-
IIMOHHO-CBA3aHHAA CHUCTEMAa, COCTO-
dAlfas U3 COTeH MUJJIHAPAOB 3BE3[
U ME)K3BE3ITHOI cpenbl, a MJieuHBINA
IlyTe — eé cBersmIasgcsa IPOEKIUSa Ha
HebecHyI0 cdepy.

KonnuecTBeHHBIE IIOACUETHI 3BE3]
B Pa3HBIX HAIPABJIEHUSX OT TaJaKTU-
YeCKOr'0 sKBaTopa MPeJHpPUHST eIé
Y. I'eputens B 70-x rr. XVIII B. BbI-
PucyHok 140 — MneuHbiii MyTb 0OpoOUHBIE HOACUYETHI ITOKA3aJd, UTO
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YHCJIO 3BE3N Pe3KO yObIBAaeT 1Mo o6e CTOpo-
HBI OT TaJIaKTUUYeCcKO! maocKocTu. llayib-
HeHINUMU KCCJIeJOBAHUAMHU OBLIJIO ycCTa-
HOBJIEHO, UTO BCe 3BE3ALI Heba 00pasyroT
eINHYI0 3BE3NHYIO cucTeMy. B Mieunom
IIyT; cocpemoTOUEHO IOAABJAIOINEE UMC-
Jo 3Bé3n l'amakTuku — OTPOMHOM 3BE3J-
HOM CHCTeMbI, UMeoIIel (GopMy IIIOCKOTO
aunuzoobpasuoro aucka (puc. 141) mome-
peuYHUKOM OK0J0 30 M TOJIMWHON OKO-
Jo 4 KUK (MJIM COOTBETCTBEHHO OKOJO
100 u 12 TBIC. CBETOBBIX JIeT). 3BE3MHBIN
nuck I'amaKTUKU MMeeT CTPYKTYpPy B BU- PucyHoK 141 — CTpoeHue Hawen
Ie cuupanbHBIX BeTBell (pykasos). Illapo- FanakTuku. Ctpenka yKasbigaet
06pasHOe YTONIIEHNe B CepefuHe IUCKA nonoxeHune CONHEUHON CUCTEMDI
THOJYYMJIO HasBaHUe 0ammsk (auri. bulge —

B3gyTue). HauboJsiee miIoTHAasS ¥ KOMIIAKTHAS IeHTpajbHad dacTb lamaxkTu-
KM, pacioJiokeHHas B cosBe3guu CTpesbila, Ha3bIBAETCA SIIPOM.

Axpo T'agakTHKM CKPBLITO OT HAC Ta3OoIBLIEBLIMM OOJIaKaMM M 3BE3ma-
mu. OHO 00samaeT OUYeHb BBLICOKOM AKTHUBHOCTHIO UM M3JIydyaeT B Paguo-, WH-
(bpaxpacHOM M PEHTTeHOBCKOM AmWamna3oHax AJUH BoJH. Macca ampa oille-
HUBAeTCA B HECKOJbKO OecATKOB MUMJIINOHOB Macc Coxanma. McciaemoBaHue
IIPOIIECCOB, IIPOUCXOMAINNX B IEHTPAJbHOM oOsacTu I'adaKTUKM, ITO3BOJIA-
eT MPEeAIOJIOKUTh, UTO B SAPEe PaCIOJIOKeHa CBepXMAacCHUBHAsA UYEPHAS IbI-
pa. Hacrts 3Béspn Halteill 'alakTuKu He BXOOUT B COCTaB OMCKa, a 00pasyer
chepUUeCcKyI0 COCTABJSIONIYI0O — 3BE3THOE rajio, pagnyc KOTOPOTo He MeHee
20 koK. I'ago oKpy:KaeT oueHb paspsiKeHHas 1 0oJbInas mo pasmepam (50—
60 KIK) BHeIIHAS YacThb lamakTuku — KopoHa. ConmHeuHas cucrteMma B [a-
JaKTHUKe HAaXOMWTCA JaJieKO OT IIeHTpa — Ha PACCTOSIHUU OKOJO 8 KIK —
¥ JIEKUT IOUTH B FaJIaKTUUYECKOH IJIOCKOCTH.

2. 3BézgHble ckomneHna. CTPYKTYPHBIMHE COCTABIAIIMUMU ['alakKTUKU AB-
JIAIOTCA 3BE3HBIE CKOIJIEHUA. 3BE3MHBIE CKOIJIEHHSA — 3TO I'PAaBUTAI[MOHHO-
CBsBaHHBIE TPYIIBI 3BE3J, KOTOPhIe MMEIOT 00Ilee IPOUCXOMKIeHe. 3BE3I-
Hble CKONIJEHHUS IBUMKYTCA B II0Je TATOTeHUA [ajlaKTMKHU KaK eJuHOe
meJoe.

IIo BHemrHEMY BUAY OHM IIOAPA3AEJISIIOTCA HA pacCesTHHBIE M ITapOBBIE.
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PacceanHoe 3BE3qHOE CKOILJe-
HHe — 9TO He HMeloIllas HIPaBUJIb-
HOM (POPMBI CPAaBHUTEJIbHO HEILJIOT-
Has TPYIIa 3BE3M, coaep:kalnas OT
HECKOJBbKHUX JEeCATKOB 10 HECKOJIb-
KUX ThICSAY 3BE31. Pazmepnl Takux
ckormieHnn — 6—14 nx. Bauxkaii-
mie K HaM paccesHHbIe 3BE3THBIE
cromienusa — Ilmesansr u 'mager —
HaxoAATcsa B co3Be3guu Teibiia.
HeBoopy:KEHHBIM TI'JIA30M MOJKHO

PucyHok 142 — PaccesaHHOe 3B&é3HOe pasnmuunth B Ilneanax 5—7 crabbix

ckonneHuve Mneagbl B co3sesgun Tenbua 3BE3I0UEK, PACIIOJATaIoNINXCA B BU-

Ie MajJeHbKOTo KoBia (puc. 142).

B macrosamiee Bpemsa msBecTHO 0K0J0 1200 pacceaHHBIX 3BE3MAHBIX CKOILIE-

Huii. OOIree e ux umcjo B l'amakTuke omenumBaercad B 20 Thic. 00BHEKTOB.

Bce oM KOHIEHTPUPYIOTCS Y TAJTaKTUUYECKOM IIJIOCKOCTH M COCTOST M3 MO-
JIOABIX 6eJI0-TOJYOBIX 3BE3M IJIABHOM ITOCJIEIOBATEIHLHOCTH.

IllapoBbie 3BE3THBIE CKOIJIEHUSI NMEIOT CPepUUecKyI0 HJIU DJIJIUICO-
naaabayio Gopmy (puc. 143), OHM HACUUTHIBAIOT OT AECATKOB THICAY IO
MUJJINOHOB 3BE3M. J[maMeTphl TaKMX 3BE3THBIX CKOIJIEHUI JeyKaT B Ipe-
meanax ot 20 mo 100 nk. IIpocTpaHcTBEeHHAs KOHIIEHTPAIMS 3BE3N PE3KO
BO3pacTaeT K IEHTPY CKOILIeHUd,
IOCTUrass JEeCATKOB THICAY B KyOu-
yecKoOM Iapceke (B OKPECTHOCTSIX
Comuma — 0,13 HR_3). IlTaposeie
CKOIJIeHUSA 00pasyioT IPOTIKEH-
HOe Tajio BOKPYT IeHTpa I'amakTu-
KM, CHUJIbHO KOHIEHTPUPYACh K He-
my. Becero B TamakTuke OTKPBITO
oko0J10 150 1I1apoBBIX CKOILIEHUH, a
uX 00Ilee YMCJIO IPUMEPHO COCTaB-
aset okoso 500. 3Bé3gHoe HaceJe-
HUEe IAaPOBbIX CKOIIJIEHUII COCTOUT
M3 OaBHO IIPOYBOJIIOIMOHUPOBAB-

PucyHok 143 — LlllapoBoe 3B&3gHOe WX 3BE3]] — KPACHBIX I'MTAHTOB U
ckonneHve M5 (NGC 5904) B co3sesgum 3men cBepxruraaToB. IllapoBbie CKoILe-
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HuA Hamew l'ajakTwuKum — OIHU U3
crapeimux. VX Bo3pacT cocTaBJAET
10—15 mappg jser.

3. ABmxkeHune 3Bé3zan. B 1718 r. aur-
JUUCKUHA acTpoHoM IamyHn [anmei
cpaBHUJ HaOJIOJABIINECA B €TI0 Bpe-
M TIOJIOKEHUA 3BE3M C TeMU, KOTOPHIE
OBLIM TIPWBEAEHBI B KaraJjorax ['wuim-
napxa (II B. o H. 2.). YuéHslii 3ame- Ha6niopatenb
TUJI CMeIlleHre APKuX 3BE3n Cupmyca
u Ilponmona Ha 0,7°, ApkTypa Gosee  PucyHok 144 — lpocTpaHcTBeHHas (v),
yem Ha 1°. Ha ocHOBaHMM 3TOTO (haKTa nyyesas (v,) » TaHreHymanbHas (v,)
OBLI cHIejlaH BBIBOJ O IIPOCTPaHCTBEH- ckopoctn
HOM JBUKE€HUU 3BE3J OTHOCUTEJILHO
Cousania. Tak BuepBbIe OBLIO O0HAPYIKEHO, UTO 3BE3NBI ABMKYTCA. CKOpPOCTH
IBUKEHUS 3BE3AbI B IIPOCTPAHCTBE OTHOCUTEIbHO CoJIHIIA Ha3bIBaeTCSA IIPO-
CTPAHCTBEHHOH CKOPOCTHIO. B 00Irem ciiyyae mMpOCTpaHCTBEHHAA CKOPOCTH U
(puc. 144) HampasjieHa IOJ HEKOTOPBLIM YIJIOM K Jy4Yy 3peHus HalbJogare-
Js. BEeKTOp IPOCTPaHCTBEHHOM CKOPOCTH PABJIOYKUM Ha JIBE COCTABJAIOIINE:
110 HANPaBJEHUIO Jiyua 3peHusA (JydeBas CKOPOCTH U,) U NePHeHAUKYJIAPD-
HYIO JIy4y 3peHusa (TaHTeHIIMaJbHAdA CKOPOCTH U,). Moayam IIpOCTPaHCTBEH-
HOM, TAHTeHIIMAJbHON WM JIY4E€BOW CKOPOCTEN CBA3AHBLI APYT C APYTOM COOT-
HOIIIEHWEM:

1%

_ [2, 2
V=4V, +U, .

JlyueBasg CKODPOCTH 3BE3[BI OMPEHENAeTCA MO JOIJIEPOBCKOMY CMEIeHUIO
(A)\) nmuHUHN B €€ cueKTpe:

TaHreHIIMAJTbHYI0O CKOPOCTH ONPENEeJdI0T IO CMEIeHWI0 3Be3qbl Ha He-
OecHoii cepe. Taxoe cMellieHre Y CPABHUTEJIBHO OJU3KUX (K HabOJII0IaTeNIo)
3BE3JI COCTABJIAET HECKOJbKO CEKYH/] 3a IECATKHU JIET:

”n

v, =4,74% KM/cC,
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HabniopaTenb

D

PucyHok 145 — OnpepeneHne TaHreHUNaNbHOM CKOPOCTA 3Be34bl

r7ie 1 — cOOCTBEHHOe TBHM:KeHHe (BUIMMOe YIJIOBOe CMeIlleHre 3Be3bl Ha Hebec-
Holt cepe 3a ogun rox). OHO BeIpasKaeTcs CeKyHAaMU Ayru B ron (puc. 145).
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PucyHok 146 — N3meHeHMe OTHOCUTENbHOIO
pacnono)xeHus 3Bé3f B «KoBLe» bonbLoin
MepBeaunybl 3a 100 Tbic. net: X — 50 TbIC. NeT
Ha3ag;, ¥ — HacToslee Bpema (cTpenkamu
yKa3aHbl HanpaB/ieHNA TaHreHUnanbHbIX
ckopocTen 3B€3g); X — yepes 50 Tbic. net

Ananns coGCTBeHHBIX ABUIKE-
HU#l 3BE31 MPUBEJ TaKKe K 00-
Hapy:eHuio aum:kenusa CoiHiia
cpenu 3BE3xn. Ta Toukxka Hebec-
HO# ceprl (a0 = 270°, & = +30°,
co3Be3nue I'epkyineca), mo Ha-
TIPaBJEHUIO K KOTOPOH ABUIKETCA
Couanrte (co ckopocTthio 19,4 KM/c
II0O OTHOIIIEHUIO K COCEeTHUM 3BE3-
IaMm), HasbIiBaeTcs amexkcom CoJrm-
ma (J1aT. apex — BepIIWHA), a AU-
aMeTpaJbHO IIPOTUBOIIOJOMKHAS
TOUKa Heb0a Ha3bIBaeTCsS COJIHEY-
HBIM aHTHameKcoM. BciencTBue
COOCTBEHHBIX ABUIKEHHUN 3BE3]
IO NCTEUYEeHUUW MeCATKOB THICAY

JeT BHUJ CO3Be3AUN MeHSIeTCs
(puc. 146).

4, BpaweHune Nanakruku. Cmo-
cob s moKasaTeJbCTBA Bpalle-
Husa [NajmaxTuku ObLT paspaboTan
B 1859 r. mpodeccopom Kaszan-
ckoro yuuBepcutrera M. A. Ko-
BaJbCKUM. V3yueHue JydeBBIX
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CKOpOCTel 3BEé3] B PA3JIMYHBIX HAIIPABJIECHUAX \
ot CosHIIA TO3BOJINUJIIO CHOPMYIMPOBATH 3aKO-
-—
HBI BpaleHusa [aJlakTUKH. /_,\\.
.. fl\ ’
1. Bce 36¢30bt ducka INanaxmuxu odbpawia- 2 7%
romces 60Kpye eé sdpa no opbumam, OMUSKUM K \\ \Q'
KpYyzo8blm. ITO BpalleHWEe MPOUCXOAUT IO Ya- %-
-

COBOM CTpeJKe, eclii CMOTpPeTh Ha ['alaKTukry
CO CTOPOHEI €€ CEeBePHOT0 MOJII0CA, HAaXOMAsdIIe-
rocs B cospesauu Bojockl BepoHukmy.

2. Venosasa ckopocms 8paujeHus yovieaem

PucyHok 147 — Tpaektopum
no mepe yoanenus om yeumpa. OmHAKO 3TO

3Bé3p B ManakTuke (anck

yObIBaHME MPOUCXOAUT HECKOJLKO MeIJeHHee, FanaKTUKN — TOHKMe INHNN,
ueMm TpeOyioT 3aKoHBI Kemepa. chepuyeckan coctaBnAlLwas —
3. JluHellHasa ckopocmb 8pAULEHUS CHA- YTONWEHHbIE INHUN)

uana eospacmaem ¢ yoaneHuem om yeHmpa
Tanaxkmukxu, docmuzas maxcumyma (oxono 220 Km/c) HA pACCMOAHUU
Connuya, nocse wezo 0o4eHb medaeHHO YOvleaem.

4. Iloanwtit nepuod obpawernus Coanya 6oxpyz adpa I'araxmurxu cocmas-
asem npumepro 220 man sem (2araxmuieckuil 200 ).

5. 38¢€30vL u ckonaeHus 36630 cgepuieckoil cocmasaswuieii I'araxmu-
KU 08UMCYMCS NO CUJbHO 8bLMAHYMbBIM U HAKJOHEHHbIM K nJAOCKocmu duc-
Ka nod pasnvimu yezaamu opoumam (puc. 147). Takue 3BE3ABI UMEIOT OTHO-
cuteabHo CosHIta oueHb Oojbinue ckopoctu (o 200—300 xm/c).

Kak BuguMm, nBu:KeHUe 3BE3 B I'alaKTHMKe HECKOJIBKO HATIOMWHAET JBU-
skeHue Tea COTHEUHOUM CUCTEMBI.

3Hasa CKOPOCTh OOpaIleHuaA U PajuyCc KPYroBoi OpOMTHI, MOYKHO BBIUNC-
JUTHh Maccy BHyTpeHHel dyactu I'amaxkTuru. I3 opmysibl Ajid KPyroBoit CKo-
poctu (cMm. § 9) caexmyer:

ITogcraBnada 3HaueHus v = 2,2 - 10° M/c, r = 2,5 - 102° M m
G=6,7-10"1H- MZ/KI‘z, moayuum, uro M = 1,8 - 10*! kr, wiu okoso
100 mapa macce Comuia. Macca TamakTuKm B mpegesiax o0b€éMa pagmycoM
15 xok omeHuBaercsa npumepuo B 200 muapna macce Coauma. C yuérom
ocrasbHON wyactu aJakTHKHU eé Macca oleHuBaeTca mpuMmepHo B 1012 mace
CoJuHIIA.
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@ T'1aBuBIE BBIBOJIbI

1. Hamra l'amakTuKa — rpaBUTAIlMOHHO-CBSI3aHHAA CHCTEMAa, COCTO-
ATasd U3 COTeH MUIJIIHNAPAOB 3BE3 M ME:K3BE3THOM Cpenbl.

2. Maeunsrit [IyTh — mpoTaHYBIIIascsa uepes BCE 3BE3MHOE HEOO cia-
00 cBeTAIIasdACA II0J0Ca, KOTOpasd ABJSIETCS MPOeKIIell OrPOMHOI0 KO-
JudecTBa 3BE3. ['amakTUKM;.

3. CTPYKTYPHBIMI COCTaBJIAKIMUMY ['alakKTUKM SBISIOTCA I'DaBUTA-
IIMOHHO-CBSI3aHHBIC T'PYIIBI 3BE3M (IIIAPOBLIE CKOILJIEHMS, PacCesHHBIE
CKOILJIEHUA), UMeIoIre o0Ilee IPOUCX0KIeHEe U IBUKYIITNECA B II0Je
TATOTeHUA [alakKTUKM KaK eJuHOoe IeJioe.

4. CosiHeUHAasd CHUCTEMa OTHOCHUTEJbHO OJMMKaiInmx 3BE€3n I'amaxkTiu-
KU JBUYKETCA CO CKOPOCTHI0 0K0J0 20 KM/C B HAIIPABJIEHUUW CO3BE3AUA
T'epkyieca.

5. Hamra 3BésgHas cucteMa obsamaer auddepeHInaabHEIM Bpalie-
HUEeM, T. €. YyIJIoBas CKOPOCTL BpallleHWs yObIBaeT IO Mepe yIaJeHUSI
OT IIeHTpA.

@ KOHTPOHbeIe BOMPOCbl N 3afaHNA

1. Hangute Ha 3Bé3aHON KapTe co3Be3aus, yepes KoTopble npoxoaut MneuHbin MyTb.
2, MNouemy HabnogaTtento, Haxodswemycs Ha 3emne, MneuHbi MyTb NpeacTaBnAeTcs
NPepbIBUCTbIM U KIIOYKOBATbIM?

3. Kak ycTpoeHa Hawa lanaktunka?

4. KakoBo nonoxeHne ConHeuyHoln cuctembl B ManakTtuke?

5. Yem otnunyatotcs 3B€3abl AnCKa ManakTnkm ot 3B€3g rano?

6. Kak pacnpegeneHbl waposble ckonyieHna B fanaktuke? Yem oHM OTIMYaloTCAa OT pac-
CEeAHHbIX CKOMeHnn?

7. 3Be3ga 83 lepkyneca HaxoAuTCcA OT Hac Ha pacctoaHum D = 100 nk, eé cobcTBEHHOE
aBmxKeHune coctaenset X = 0,12". KakoBa TaHreHuMasibHas CKOPOCTb 3TOW 3Be3Abl?

8. KakoBbl 0COGEHHOCTU BpalleHUsi Hawe Manaktmku?

9. CkonbKko pa3 3a Bpema cyulectBoBaHuA ConHue ycneno ob6epHyTbCA BOKPYr LieH-
Tpa lanaktukn?
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§ 28. Mex3Bé3aHana cpena

1. Mex3Bé3gHbIl ras. 3Bé3gHoe HeOO COMEPKUT MHOTO TYMaHHBIX O0BEeK-
ToB. OHU OBIBAIOT CBETAIMECA U TEMHBIE, IIOTJIOMIAIOIIIE CBET.

IITupoxoe npumenenne Gororpaduy B ACTPOHOMUHN II03BOJIMJIO TIIATEIHHO
HMCCJIeNOBATh, OMMCATL 1 COCTABUTHh KATAJOI'M TEMHBIX TYMAaHHOCTEM.

Ha done cBerabix obmacteit Miaeunoro IlyTu oTUETIMBO BBIAENISAIOTCS
TEMHBIE IIATHA HEeIPAaBUJILHON (POPMBI ¥ PA3JIUUYHLIX YIJIOBBEIX Pa3MepOB. OTHU
TEMHBIE HATHA W 00JaCTH JOKAa3bIBAIOT CYIIeCTBOBaHMWE BOJIM3UW TaJaKTHUe-
CKOH IIJIOCKOCTH XOJIOJHO! paspesKeHHON MaTepuu.

Me:x3BE3mHAS cpela — 9TO BEIeCTBO U IMOJIA, 3alOJHAIONINE MEeXXK3BE3]-
HOe IIpocTpaHcTBO BHYTpH lanmakTuru. BOJbInas yacTh MAacChl MEXK3BE3IHO-
o BeIllecTBa NPUXOAWTCS HA PaspeKeHHBLIA ra3 U IIblIb. Bcsad MeXX3BE3THAA
cpela MPOHMU3BIBAETCS MATHUTHBIMU IIOJISIMP, KOCMUYECKUMU JIYUYaAMU, DJIEeK-
TPOMATHUTHBIM uaayueHrueM. OCHOBHOM KOMIIOHEHT ME:K3BE3THOM Cpeabl —
MeK3BE3MHBIN ra3, KOTOPLIil cocTouT u3 Bomopoza (70 % macchl) U renus
(28 %). OcrambHasg YacTh MacChl MEXK3BE3JHOI'O BeIlleCTBA MHPUXOIUTCA Ha
bosee Ta:kénble xuMuueckue ssmeMmenTs! (O, C, N, Ne, S, Ar, Fe u ap.).

O061iaa Macca MeyK3BE3THOTrO BelllecTBa Harrell amakTuku (He cuuTas Ko-
POHEBI) omeHuBaeTcsa B 2 % ot o01reir maccel Bceil 'amakTtuku. B 3aBucumo-
CTU OT TeMIIepaTyPHBIX YCJIOBUN U IJOTHOCTU MEXK3BE3AHBIN rad MOYKET Ha-
XOAUTHCS B TPEX PABJIUUYHBIX COCTOAHUAX: UOHUSUPOBAHHOM, AMOMAPHOM U
MOJLEKYJLAPHOM.

OcHOBHBIE JaHHBIE O MEX3BE3JHOM rase MOJIYUYEHBI PagruoacTPOHOMUUE-
CKUMHU METOJAMH, II0CJie TOro Kak B 1951 r. ObLIO OGHAPYKEHO PagUuOU3Iy-
YyeHNe HeHTpaJbHOTO aTOMapHOTo Bomopoaa Ha Boaue 21 cm. OKasayioch, UTO
aToMapHLII Bogopoj, umeroinuii rtemaepatrypy 100 K, o6pasyer B gucke I'a-
JAaKTUKU TOHKUH cyoi Touamiuuoi 200—300 ok, yBeanmuuBamoIIuica A0 He-
CKOJLKUX KUJIOIapceK Ha paccroaunu 15—20 KK oT eé meHTpAa.

OcHOBHAA YacCTh MEXX3BE3JHOI'O rasa COCPeJOTOYEeHA B CHUPAJbHBIX
BeTBAX l'alaKTUKHU, I'Je OH paclIpemeiéH TaK)Ke HepaBHOMEPHO: coOpaH
B KJIOUKOBaThie 00pas3soBaHUA pasMepaMM B OECATKU M COTHH IIApPCEK CO
cpesHell KOHIleHTpAIeil 4acTUI[ HeCKOJIbKO aToMoB B 1 cm®. OKosio mosto-
BUHBI MAacChl MEKX3BE3JHOTO rada COIEeP:KUTCA B I'MTaHTCKUX MOJEKYJIp-
HBIX 00JIaKaX CO cpelHeil Maccoit 10° macc CosHnma u IMaMeTPOM OKOJO
40 k. WU3-3a auskoi remnepatypsl (0koao 10 K) 1 mOBBIIIIEHHOI IIJIOTHOCTH
(mo 102 wactum B 1 cm?®) Bomopox m gpyrume sieMeHTHI B THX 00JIaKax
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3emna

3Be3ga

PucyHok 148 — TymaHHOCTb U3nyuvaeT CBeT, ecnm eé€ ocBellaeT 6ansnexallas 3sesna

o0beInHEeHBI B MOJIeKYJIbI. TaKuX MOJEKYJIAPHLIX 00/1aK0oB B ['aakTuKe Ha-
cuuTbiBaeTca oxkoJsio 4000.

O6JyiacTy MOHM3UPOBAHHOTO Bogopoda ¢ Temieparypoit 8000—10 000 K
OPOABJIAIOT ce0A B OINTUUYECKOM AManasoHe Kak cBeTJble nuddgy3Hbie TyMaH-
HocTH. VX cBeueHMe BO30yKIaeTcA YIbLTPA(PMOIETOBLIM U3IyUeHHeM OJIM3KO0-
PacCIOJOKEHHBIX TOPAYNX 3BE3M (CHeKTpaabHBIX KiaccoB B u O).

CseTsiad TYMAHHOCTL M3JydaeT CBET, €CJU e€ ocBelllaeT OJmajerxalas
3Be3ga (puc. 148). 3sésanr Kimacca W, O, B cioco6HBI BbI3BATh MOHU3AIUIO
aToOMOB BOJOpoAa Ha paccrosunu npuMepuo 500 cBeTOBEIX JIeT.

Caersble quddysHble TYMaHHOCTH, MMeIOINe HEelPaBUJIbHYIO, KJOUKO-
BaTyio opMy, mocturaioT pasmepoB o 10 mK, a UX IIJOTHOCTH KoJiebjeTcs
or 10717 10 1072° kr/m3. Pacupegensiorcsa o6IacTi TAKOTO NOHU3UPOBAHHOTO
BOZOPOJA B ILIOCKO# moicucreMe I'alaKTHUKU, SBASAACH TaKyKe YKa3aTeJasaMu
MecT IIPOTeKalollero B HacTodAIllee Bpe-
M 3Be3moo0pasoBanus. Tak, B Boabmioit
rymauHoctTu OpuoHa (puc. 149) ¢ momo-
I[bI0 KOCMMUYECKOI'0 TeJjecKoma Xab0ia
00HAPY KeHbI IPOTO3BE3ALI, OKPYKEHHbBIE
IPOTOILIAHETHBIMU JUCKAMMU.

Boswmraa rymanmocts OpuoHa — ca-
Mas ApKasd rasoBasd TyMaHHOCTh Ha HOY-
HOM HebOe. PaccTosHMe IO 3TOM TyMaHHO-
ctu oKoJio 1000 cBeTOBBIX JIET.

IIpu Habaoomzenuu ueped QPUILTP
PucyHok 149 — Bonbuas MOJKHO YBHUAETh, UTO HEKOTOpPLIE U3 Ty-

TyMaHHoOcTb OpuroHa MAaHHOCTEH COCTOAT M3 OTAENbLHBIX BOJIO-
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3Be3na

3emns

TymaHHOCTb

PucyHok 150 — TymaHHOCTb CBETUT OTPaKEHHbIM CBETOM Gnusnexaluel 3se3abl

koH. Hanpumep, usBectHaa KpaboBugHasa TyMaHHOCTh B co3Be3nuu Teabiia
(cMm. puc. 134), aBasAomasicsa OCTATKOM B30PBAaBIIIeliCs CBePXHOBOU 3Be3MbI.

Ecau 6amsieskarue 3BE3ALI HEe CTOJb TOPAYM WM HEe MOI'YT MOHU3UPO-
BaTh BOJOPOJ, TO TYMAHHOCTH CBETHUTCS 34 CUET OTPaKeHUsA 3BE3THOTO CBeTa
(puc. 150). [lanHBIE TYMAHHOCTH COAEP:KAT MHOTO IbLIN. IIpmMepom Takoi
CBETJIOM TYMAHHOCTH ABJSIETCS TYMAaHHOCTh B CKomIeHuu Ilnedannl B co3Bes-
muu Tenbra (cMm. puc. 142).

Oco0BIM THUIIOM TYMaHHOCTeIl SABJIAIOTCA IIaHEeTAPHBbIE TYMaHHOCTH, KOTO-
pble BBITJIALAT KaK cJa0b0 CBeTAIMINecSd NUCKU WM KOJbIla, HAIIOMUHAIOIINe
aucku miaaHer. Ix macumTeiBaeTcsa Oojsee 1200. IlnanerapHble TYMaHHOCTHU
IIpeACcTaBJAAIT COO0U CBETAIYIOCS pac-
ITUPAOIIYIOCA 000JIOUKY MOHN3MPOBAHHO-
r'o rasa, COPOIIIeHHOTO KPAaCHBIM I'MTaHTOM
Ha KOHEUHOI CcTaguM CBOEH 5BOJIIOIIUMU.
B menTpe miaaHeTapHON TYMaHHOCTH Ha-
XOMUTCA OCTATOK HOTHOIIEero KpacHO-
ro rurauTa — ropauyuii 6eJblii KapJuk
WM HeUTpoHHas 3Besfa. Iloxg melicTBueM
BHYTPEHHET0 MaBJeHUs rasa ILJIaHeTap-
Hasi TYMaHHOCTb pacCIINUPSETCA IPUMep-
HO co ckopocThio 20—40 kM/c, TP 3TOM
IJOTHOCTL Trasa IajaeTrT. ITU OO0bEKTEHI
oboramiaioT Me)K3BE3IHYIO Cpely Belle-
creoM. Ilraneraprasa tymanHoCcTh Ilecou- PucyHok 151 — MnaHeTapHas
uble Yacswl (puc. 151) mokassIBaeT, KaKkue TymaHHOCTb MecouHble Yacbl
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CJIO}KHBIE IIPOIECChl MOTYT IIPOMCXOAUTHL Ha MOCJeNHEel CTaauU 3BOJIIOIUU
3Be3/bI.

2. Mexx3BézgHasa nbiib. B MeK3BE3JHOM IIPOCTPAHCTBE PacCeaHbI MeJIKUe
TBEPAbIe YACTUIIHI (MeTAINUECcKe, CUJINKATHLIE I Ipad)uTOBbIE) pasMepa-
mu oT 0,01 mo 1 mxMm. TyromnraBKue YacTUYKM 00PasyIOTCS 1 IIOCTABJISAIOTCS
B MEXK3BE3THYIO CPely 3a CUET PACIIMPEHUs 000JIOUeK HOBBIX M CBEPXHOBBIX
3BE3]I, IJIaHETAPHBIX TYMAHHOCTEH, XOJOOHBIX KPACHBIX T'MTaHTOB U CBepPX-
TUTaHTOB. B Me)K3BE3THOM IIPOCTPAHCTBE NBIJIL Be3le COIMYyTCTBYeT rasy.
Ha eé gouro nmpuxoaurcs okosio 1 % oT maccwl rasa.

Mesx3Bé3gHasa NblJIb, KaAK W MEXK3BE3IHBIN ra3, KOHIEHTPUPYETCA B
raJlakTUYeCKO# IJIOCKOCTH, 00pa3ys rasolbljeBbie O0JIaKa KJIOUKOBATOI
CTPYKTYpPBI. B Me:k3BE3AHBIX O0JlaKax MeJKHe IBIINHKK OBICTPO obOpacra-
0T oboJIoOUKaMu W3 HamboJiee pacipocTpauHéuubix aaemenToB (H, C, N, O).
3a MUJIIMOHEI JIeT AaKe IIPU HU3KOU TeMIepaType B 000JIOUKaX IIPOUCXO-
IAT CIAOMKHBIE XUMUYECKNe IPOIlecchl ¢ 00pa3oBaHMEM MOJEKYJ BOALI, STUJIE-
Ha, CHHUJBHON KMCJIOTHI, STUJIOBOTO COUPTA U AP. 3apPerucTPUPOBAHO OKOJIO
90 TUIOB MOJIEKYJ, HEKOTOPbhIe M3 HUX comep:kaT go 13 aTomoB.

W3-3a mbliu caMble IIJIOTHBIE Ta30Bbie 06pa3oBaHUA — MOJIEKYJISIPHBIE 00-
Jlaka — TMpaKTUYeCKHU HeIIPOo3pauHbl U BHITVIAAAT Ha HeOe KaK TEéMHBbIe o6Jia-
CTH, IIOUTH JIUINEHHBIE 3BE3M (puc. 152). Takue rasomnblieBble 00pa3oBaHUA
HAa3bIBAIOTCA TEMHBIMU TU(P@PY3HBIMH TyMaHHOCTAMU (puc. 153).

Brnaromapsa pasBuTuio BHeaTMOC(HEPHON aCTPOHOMUU IOSBUIACH BO3MOMK-
HOCTH HaOJIOAATh MEXK3BE3THYIO HbLIbL B MH(PPAKPACHOM AUMAIIA30HE, UTO II0-
3BOJISET PacCMOTPETh HOBbIe AeTanu (puc. 154).

TymaHHOCTb

/
T~

PucyHok 152 — Ob6naka PucyHoK 153 — TémHaA TyMaHHOCTb
MeXK3BE3AHOW NbIIN B HanNpaBAeHUn 3aC/IOHAET CBET 3BE3[], HaXo[ALWMXCA
Ha UeHTp lNanakTukm Ha 60/blIOM paccToAHUM OT 3emnu
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PucyHok 154 — TymaHHocTb KoHckas lonoBa B co3Besgun OpuroHa.
CnpaBa — n306paxeHune B ONTUUYECKMX NyyaX, c/ieBa — B MHPpPAKPaACHbIX.
QoTorpadum Kocmuueckoro Teneckona Xab6na

3. Kocmunyeckne nyum n mexx3pésgHoe marHutHoe none. Kpome pasperxeH-
HOTO Ta3a ¥ ILLIW, B MEXK3BE3THOM IIPOCTPAHCTBE C OTPOMHBLIMU CKOPOCTS-
MU, OJIM3KUMU K CBETOBOU, MIBUMKETCSA OOJBIIOE KOJMUECTBO dJeMeHTAPHBIX
YACTHUIl U AJep Pa3JIUUYHBIX aTOMOB. IIOTOKHM 3THX YaCTHUIl HA3BIBAIOT KOC-
mMudeckuMu Jydamu. OHU IIPOHMU3LIBAIOT BCE MEKIIJIAaHETHOE M MEK3BE3[-
Hoe mpocrpancTBo. Ha mromanky B 1 M2 eXeCeKyHIHO HOIanaeT B CPeSHEM
oKo0J10 10 ThIC. Pa3JIMYHBIX UACTHUI[. B cocTaBe KOCMHUYECKUX JYyUeld HMPUCYT-
CTBYIOT 9JIEKTPOHLI, sIApa TreJus U 0oJee TAMKEILIX 9JIEMEHTOB, HO B OCHOB-
HOM mpeobaanarT npoToHbl (6oaee 90 %), KOTOpble UMEIOT CPEIHIOI0 dHEP-
ruo 1,6 -10710 k.

OCHOBHBIMHI HCTOYHHKAMH KOCMHUYECKUX Jyued B l'alaKTuke Cay:KaT
OCTATKHU CBEPXHOBBIX 3BE3M M myJjbcapsl (cMm. § 26).

IlepBoe CBUAETEIBCTBO CYIIECTBOBAHUS MEK3BE3THOT0 MATHUTHOTO IOJIS
OBLIIO TOJIYUEHO UTAJIBIHCKUM (GuUsuKoM IJHPUKO PepMu M aMepUKAHCKUM
yuéHbiM daBapaoM TeisiepoM Py U3YUEHUUM KOCMUUYECKUX JIyUei.

OJIeKTPOHBI, BXOASAIINE B COCTaB KOCMUYECKUX JIyUel, IOCTeIIEHHO TOPMO-
3ATCS B MATHUTHOM II0JIe, TePAsS SHePrHuio Ha M3JayueHue pagmoBoJH. Taxoe
U3JIyUYeHre Ha3bIBaeTCd CHHXPOTPOHHBIM. OHO perucTpupyeTrcs paauoTesie-
cKomamMu. MOITHBIMY MCTOUYHHUKAMHU CHUHXPOTPOHHOTO HU3JIYUYEHUS SABJIAIOTCS
OCTAaTKM CBEPXHOBBLIX 3BE3]I.
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@ T'1aBubIE BBIBOIbI

1. Me:x3BE€3gHaA cpela — 5TO BEIECTBO U IIOJA, 3aIOJHSIIOIINE
Me:K3BE3JHOE IIPOCTPAHCTBO BHYTPU ['alakKTUKMU.

2. BoJbIllasg 4acTh MacChbl MEK3BE3NHOI CpeAbl IPUXOIUTCA HA Pas-
PE’KeHHBIN ra3 W IbLLIb, 00I[ad Macca KOTOPBLIX oleHmBaercd B 2 %
oT o01meii macchl ['aTakKTHKMA.

@ KOHTPOﬂbeIe BOMPOCbl N 3afaHNA

1. YTo NOHUMAIOT Nog, mex3BE3aHON cpepon? Yem oHa 3anonHeHa?

2. KakoBa Macca MeX3BE3[HOro BellecTBa Hawen Manaktnkun?

3. Yto noHumaloT nog TyMaHHOCTAMKU? Ha3oBUTE OCHOBHble BUAbI TYMaHHOCTeN. lNove-
My OAHV TYMaHHOCTU CBET/IblE, a Apyrme — TéMHble?

4, Y10 cobol npeactaBnaeT Mex3BésagHana Nbiib?

5. V13 Kaknx HabniogeHnin MOXXHO cenaTb BblBOZ, O CYLLECTBOBAHUMN MEXK3BEIAHON Mblan?
6. KakoBO npouncxoxaeHne ra3onbiieBblX TYMaHHOCTEN U MONEKYNAPHbIX 061aKkoB?

7. Yt0 npepnctaBnaioT cobon KocMuyeckme nyun? Kakumun cBorcTBamun oHW obnapatot?

§ 29. 3Bé3gHble cuctemobl X ranaktmkm

1. Tunbl ranaktyk. B 1924 r. ¢ moMoIIibi0 KPYIHEHIIIEro B TO BpeMs TeJie-
ckoma (obcepsaropusa MayaT-Buacon, CIITA) 9asun Xa60s yCTaHOBUJI, UTO
TYMaHHOCTh AHIApPOMEILI 00pa3zoBaHa OTPOMHBIM YKCJIOM 3BE3[, CAMBAIOIIMX-
csd B CILIOIIHOE TyMaHHOE IISTHO IPKU HAOGJIOLeHUN B MeHee MOIIHLIN TeJe-
cKom. BOJIBITMHCTBO APYTUX M3BECTHBIX TYMAaHHOCTEIH OKAa3aJIiCh TAKUMU Ke
YAAIEHHBIMU TUTAHTCKUMU CHUCTEMAaMU, COCTOSAIUMY U3 MUJJINOHOB U MIJI-
JAuapnaoB 3BE€3n. 'mraHTcKue IpPaBUTAIMOHHO-CBA3AaHHBLIE CUCTEMbI 3BE3I U
MeK3BEBIHOTO BEIleCTBa, PACIIOJIOKEHHbIEe BHe Halnel ['alaKkTUKM, cTaam Ha-
3bIBATh rajjakTukaMu. CoBpeMeHHBIEe MOIITHBIE TeJEeCKOIIbI CAEJAJUN JOCTYII-
HOI PErmcTpaInio COTEH MUJIJINAP/IOB TaJaKTUK.

@POoTOCHUMKHY ITOKA3aJM, YTO TAJIAKTUKU Pa3aIUYalOTCsA 110 BHEIITHEMY BUIY
¥ CTPYKType. Xab0J IpeayioKui KiaaccupuiinpoBaTh raJJakTUKU 10 UX (op-
me. CorslacHO COBpPEeMEHHOM KJiaccu(pUKAIIUY Pa3IUYaIOT TaJaKTUKU CJIeNy-
IOIMUX OCHOBHBIX TUNOB: dynuntuueckue (E), cnupanbubie (S), HenpaBUIb-
Hble (Ir) u suuazoBumHble (S0) — pucyHokK 155.



§ 29. 3BE€3gHble CUCTEMbI — FanakTUKM

191

AnnunTnyeckme

JInH3zonogo6Hble

PucyHok 155 — Knaccupukauma ranaktmk 3. Xa66na

JIIUNTHYECKNE TAJAKTHKH B IPOEKINY Ha HeOeCHYI0 c(epy BBITJISAIAT
KakK Kpyru wiau suaiaunchkl (puc. 156). Yucao 3BE3m B HUX MJIABHO YOBLIBaeT
OT IIeHTPa K Kpaio. 3BE3ABI BPAIAIOTCA B TaKO CHCTEME B PA3HBIX IJIOCKO-

ctax. CaMu »JIINNTHYECKNE TAJTaKTUKU Bpa-
maoTcA OYeHb MeaaeHHo. OHU comepIKarT
TOJBKO JKEJIThble M KPaCHbIe 3BE3ObI, HMpPaK-
THUYEeCKU He MMEIOT rasa, IbLIM M MOJIOLBLIX
3BE€3J BBLICOKOU cBeTHMOCTH. DPuzmuecKuM
XapaKTepUCTHUKAM 5THUX TaJaKTHUK CBOMi-
CTBEH MOBOJBLHO INHUPOKUHA AMAMIA30H: AUa-
MeTpbl — OT 5 10 50 KIK, MacChl — OT 106
1o 10'® mace Cosuna, csetumoctu — ot 108
no 102 ceerumocreit Connma. Oxomo 25 %
N3YUYEHHBIX TaJaKTHUK IPUHALJIEKUT K Ta-
JAKTUKaAM 3JIJIUITHYECKOro THUIIA.

OKO0JI0 TOJIOBUHBI M3YUEHHBIX TajlaK-
TUK OTHOCHTCA K CHUPAJIBHOMY THUIY.

PucyHok 156 — dnnunTtnuyeckas
ranaktmka M 87 B co3Be3sguu [leBbl
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X X X
PucyHok 157 — CnupanbHble ranaktmkm: ¥ — M 81; X — M 51; X — M 101

CaupajapHble TAJAKTHKN — 9TO CHJLHO CIIIOCHYTHIE CUCTEMBI C II€HTPAJD-
HBIM YILIOTHeHHEeM (B KOTOPOM HAXOAUTCS AAPO TaJaKTHUKI) U 3aMETHOU CIIH-
paibHOI CTPYKTYpoi. PasMepsl 3TuX rajakTuk gocturaioT 40 KK, a cBeTH-
mMoctu — 10! cBerumocreit ConHmna. B OKpysKamoIeM YIIOTHEHHUE AUCKE
UMeIOTCA ABe Uam 0ojiee KJIOUKOBAaThIe cIMpaJibHbIie BeTBU (puc. 157). Tak,
K Xa00/JOBCKMM THUIAM CIHPAJILHBIX TaJIaKTUK OTHOCHUTCA rajaktuxka M 81,
TUI Sa, CUCTeMa C TYro 3aKPyUYeHHLIMU CIHPAJIbHBIMHU BETBSIMU, II1apoodpas-
Hasd YacTb ApKas U mporTs:kénuada (puc. 157, a). Famaktuka M 51 oTtHOCHUT-
ca K Tuny Sb, umeeT 6oJiee MOIITHbIE 1 UETKHUE CIUPAJIH, IeHTPAIbHAA YaCTh
MeHee BoIfesasercsa (puc. 157, 6). Mamaktuxa M101 npuHaIIeKUT K TUITY SC,
cucTeMa C Pa3BUTOM KJOUYKOBATOM CIMPAaJbHOM CTPYKTYPOI, IIapoobpasHas
YacTh KOTOPOI ciaabo mpocmMarpuBaeTcsa Ha obmieMm ¢one (puc. 157, 8). Ilpu-
MEPHO y IIOJIOBUHBI CIIHUPAJIBHBLIX IaJaKTHK B IEHTPAJLHOM YACTH HNMEETCS
MIOUTH MPSAMas 3BE3MHASA ITepeMbIluKa —
6ap, OT KOTOPOII HAUMHAIOT 3aKPy4U-
BaThCsA CIUpPaJbHBIE pyKaBa (puc. 158).
Takwe raJakTUKN Ha3bIBAIOTCSA CIH-
PAJBHBIMH C IEPEMBIYKOI.

B cnupanbHBIX BeTBSIX TajaKTHUK
COCPeIOTOUEeHbI caMble IPKHE U MOJIO-
Ible 3BE3MbI, APKKE TasolblieBbIe TYy-
MAHHOCTH, MOJIOJbIe 3BE3IHBIE CKOILIE-
HUS U 3BE3JHBIE KOMILIEKCEI. I[ToaToMy
COUPaJbHBIA y30p OTUYETJMBO BUAEH
JTa)ke y JAJIEKUX TralakTUK, XOTd Ha
PrcyHoK 158 — CnupanbHas ranaktmka  moJiro CINPAJIbHBIX PYKABOB IIPUXOMUT-

¢ nepembiukoii (6apom) NGC 1365 €S BCErO HECKOJIBKO IIPOIIEHTOB MAaCCHI
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Bcell rasakTukm. Hamma Il'amaxkTuka sB-
JseTcs cuumpaybHOU. Bamikaiiimasa 3Be3m-
Has CHUCTeMa, II0XO0Kasd MO CTPYKType u
Tuny Ha Hamy lajlakTHUKy, — 9TO TY-
manHOCTL AHApomens! (puc. 159). Ceer
OT 9TOM TaJJaKTUKHU TOXOOUT IO HAC IIPU-
MEepHO 3a 2 MJIH JeT.

K HempaBUJIBHBIM rajJaKTHKaM OT-
HOCAT MaJIOMACCHBHbBIE TaJaKTUKU He-
MIPaBUJIBHOM CTPYKTYPBI. ¥ HHUX He Ha- PucyHok 159 — TymaHHOCTb
OJromaeTcss Y€TKO BBIPAYKEHHOTO sapa U AHApoMeabl
BpalmaTeJbHON cuMMeTpuu. Buammas
APKOCTh TAKHX TAJNAKTUK CO3MaETCA MOJOABIMU 3BE3JaMU BBICOKOH CBETU-
MOCTH U 00JacTAMY HMOHH3UPOBAHHOTO Bomopoma. Macchl HempaBUJIbHBIX
rasaktuk cocrasiusoT or 108 no 10'° mace Cosmma, pasmepsr sTux raiax-
TUK JocTturaioT 10 KIK, a CBeTUMOCTH MX HE IPEBLIIIAIOT 10'° cgeTumocTei
CouHna. B Takux rajakTHKax cozepskuTca MHOro rasza — go 50 % wux o006-
el Maccbl. BamKaimmMy K HaM APKUMHU HeIPABUJILHBIMU TaJIaKTUKAMU
asasaoTcsa MarennamoBel O6maka (Boabimoe u Masoe). OHU BBITJIASAT KaK
IBa TYMaHHBIX 00JIauKa, cepedpHCTO CBETAIIMXCSI B XOPOIIYIO IIOTOAYy Ha
HouHOM HebGe. OHm pacmosokeHbl B IOKHOM IOJyIIapUyU W IIO3TOMY HEBU-
IUMBI ¢ Tepputopuu Benapycu. Boabimoe Marennanoso O6sako (puc. 160),
uMempllee B AuaMeTrpe 7 KIIK, PacIIOJo-
JKeHO OT Hac Ha paccrosauuu 52 Knk. Ilo
MHEHUIO HEKOTODPBIX acTpPOHOMOB, B Ma-
resqmaHoBbIX O0JaKaX MOMKHO Pa3INUYUTH
3aYaTKU CHUPAJbHOM CTPYKTYPHI.

JIMH30BUIHBIE TAJIAKTHKM BHeEIITHE (ec-
JW BUIHBI IIJAIIMA) OUeHb MOXOXKU Ha
SIITUNITUUECKNE, HO MMEIOT CILIIOCHYTBIN
3Bé3aublil guck. Ilo cTpykType momo6-
HBI CIIMPAJILHLIM TaJIaKTHKaM, OTHAKO He
MMEIOT IIJIOCKOW COCTaBJAKNIEN U CIOU-
paibHBIX BeTBeii. OT COMPAJIbHBIX TajJaK-
TUK, HaOJI0gaeMbIX ¢ pebpa, JUH30BUI- PucyHok 160 — Bonbuoe
HbI€ TAJIAKTUKHW OTJINYaIOTCA OTCYTCTBHEM MarennaHoso O6nako —
moJsiockl TéMHOU Marepuu. Hemenmkuit ofiHa 13 6AU3KUX K HaM ranakTuk




194 Pazgen VIIl. CtpoeHne n 3sonouuna BceneHHom

actpoHom Kapsa IIIBapiimmib BBIABUHYJ TEOPUIO, COTJIACHO KOTOPOI JIMH30-
BUAHBIE TAJIAKTUKN MOT'YT 00PAa30BBIBATHCS U3 CIHPAJIbHBIX B IIPOIECCE «BbIME-
TaHUA» ra3oIbLIEBO MaTepUN.

2. PaccToAaHnA po ranaktuk. 3akoH Xa66na. PaccTodaHua mo OaMMKanIimx
FaJIAKTUK OIIPENEJISIOTCS II0 OIeHKAM BUINMBIX 3BE3IHBLIX BeJINWYUH Iede-
uzn (cm. § 26). laa moaromepuoguvecKux iedeuns ycTaHOBIeHA 3aBUCUMOCTD
«IIepuoJ KoJebaHuil — cBeTHMOCThb». C IIOMOIIBIO 9TOH 3aBUCUMOCTH OIIpe-
IeJISIIOT abCOJIOTHYIO 3BE3MHYIO BEJINUMHY IO JJIUTEJIbLHOCTH KoJebauuii 0Je-
CKa: ueM KOopoue Imepuoj KoJjebaHuil OjiecKka, TeM Iedenma caabee mo abco-
JIOTHOM 3BE3IHOU BesimumHe. PaccTosHue r BIUNCAAETCA I0 (POpMYyJIe:

lgr = 0,2(m — M) + 1, (1)

rme m u M — BuguMas u abCoJIIOTHAA 3BE3THBIE BeJIUUNHEI.

s ranakTuk, Tae He OOHApYsKeHBI Ime()euAbl MJIM UX HEeBO3MOXKHO YBU-
JIeThb, B KaueCcTBe MHINKATOPOB PACCTOAHWI MCIIOJBL3YIOT ApPUamIme 3BE3IbI-
CBEPXTUTAHTHI, HOBbIE ¥ CBEPXHOBBIE 3BE3IbI, IIIAPOBLIE 3BE3THBIE CKOILJIIEHUA.

Paccrosuus ompenpensioT Takske mo gopmyse (1). Bugumyio 3BE3gHYIO Be-
JUYUHY OIeHHWBAIOT M3 HAOJMIOAeHMI, a abCONIOTHYI0 — CUMTAIOT M3BECTHON
(cpenmHeit) Ay JaHHOTO KJacca o0bekToB. Hampumep, miapoBble CKOMJICHUS,
KaK 9TO cJeayeT m3 HaOJIOAeHUN, NMEIT MPUMEPHO OAMHAKOBYIO abCOJIIOT-
HYIO BeJIUYUHY.

Paccrosuua mo madékmx TraJaKTHUK OIPENeAl0oT TaKiKe II0 UX YIJIOBBIM
pasMepaM MM II0 BUAWMMON 3BE3THOI BeJIWUUHE, a 10 OUeHDb HAaJEKUX rajlak-
TUK — WCKJIIOUUTEJIbHO IO BeJIMYMHE KPACHOTO CMEIIeHUs B UX CIEeKTpe.
KpacHoe cvmemenune (2) 00OBIYHO M3MEPSETCA OTHOCUTEJIBHBIM M3MEHEHUEM
IJIMHBI BOJIHBI CIeKTPAJbHBIX JIMHUH:

_A=ho
S

2

Emé B 1912—1914 rr. amepukaHcKuii actponoM Becro Craiidpep obHaApy-
JKWJI, YTO JIUHUU B CHEKTPaxX AAJEKUX TaJIaKTUK CMeIeHbI OTHOCUTEIbHO UX
HOPMAaJIbHOTO IIOJIOKEeHUA B CTOPOHY KPacHOTO KOHIIa CIIEKTpa. ITO O3HaUa-
JIO, UTO TAJaKTUKU YAAJIAIOTCSI OT HAC CO CKOPOCTAMU B COTHU KHJIOMETPOB
B cexkyHay. Ilos:xe 9. Xabb6a ompenesns pacCTOAHUSA OO0 HEKOTOPBIX TajlaK-
TUK U UX cKopocTu. M3 HabJI0JeHn caef0Bajio, UYTO YeM AAJbIlle OT Hac Ha-
XOAUTCSA TaJaKTHKA, TeM ¢ 0OJIbIlIell CKOPOCThIO OHA yaajdeTcs (rpadpuuecku
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PucyHoK 161 — 3aBMCMMOCTb CKOPOCTM yAaNeHNA rajnakTuk OT pacCTOAHUN AO HUX

JaHHas 3aBUCUMOCTH IpelcTaBiieHa Ha puc. 161). 3aKoH, MO KOTOPOMY CKO-
POCTh yoajieHusl TaJaKTUKW MPOMOPIMOHAJBHA PACCTOSHUIO MO HeE, TMOJy-
ynJ HasBaHUe 3aKoHa Xab0isa. 3axon Xab0a MOKHO chOpMYyJIHPOBATH Ta-
KM 00pasoM: omHOcumebHoe ygenuvernue OJUH G0JH JUHUIL 8 cneKxmpax
204NAKMUK NPONOPUUOHALLHO PACCMOSHUIO T 00 HUX, M. e.

)
Ao

r

IIpenmosiarasd, 4YTo ABJEHWE KPACHOTO CMEIeHUA O0YCJIOBJIIEHO NBUMKEHU-
eM TaJaKTHUK CO CKOPOCTBIO U, IO JYUy 3peHusA B HAIIPaBJEHUU OT HAOJIOma-
TeJISA, MOKEeM HAWUTH JIYU4eBYIO CKOPOCTh TAJaKTHUKU II0 M3SMEPEHHOMY OTHOCH-
TEJIbHOMY CMEIEeHUIO JAJIMHBI BOJHBI CIIEKTPAJbHBIX JUHUMA:

U= (2)
0
C yuérom 3axkoHa Xab0jsa 3aBUCUMOCTD (2) MOXKHO 3aInCcATh B BHUIE:
v, = Hr, 3)
roae H — Ko3(ppUuIHeHT TPOIOPIUOHAIbHOCTH, HA3BIBAEMBINl IMOCTOAHHOMN

Xao6o0ma. Kosppumment Xab61a MOKa3bIBAET, HA CKOJBKO KHUJIOMETPOB B Ce-
KYHIY BO3PacCTaeT CKOPOCTb TAJIaKTHK C YBEJIUYEHUEM PACCTOSHUA 0 HUX Ha
1 Mok. 3uauenne H IIOCTOSAHHO YTOUHSETCS, IO PA3JIUUYHBIM OIleHKAM OHO
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3akJroueHo B npemenax oT 50 mo 80 xm/(c + Muk). ITpu pacuérax uare Bce-
ro nmpuaumanT H = 75 km/(c - MOk).

Heo0xogmuMo oTMETUTE, UTO 3aKOH Xa00J/a BBIMOJIHAETCH TOJBKO IJIA Aa-
JEKUX TaJIJaKTUK, PACCTOAHME N0 KOTOPBIX mpeBbimiaeT 5—10 Mmk.

3. Maccbl ranaktuk. Macchl raJakTUK MOXKHO OIIEeHUTH Ha OCHOBAHUU JIU-
HeMHBIX CKOPOCTEM BpAaIlleHWsA WX BHEITHuUX dacTeli. CKOPOCTH BpaIlleHUus U
yCTaHABJIMBAIOT ITYTEM CPaBHEHUS CMEIeHWil CIeKTPaJbHBIX JUHUHA B pas-
JIMYHBIX YACTAX TaJaKTUKU.

IIpennosokum, uTo Bca Macca M rajJakTHUKKW CKOHIEHTPHUPOBaHA B eé
IIeHTpe W BpallleHue mpoucxoauT mo 3akoHaMm Kemsepa. Torma us BTOporo 3a-

2

v ..
KoHa HeroTroHa F = ma (a= ") — IEHTPOCTPEMUTEIbHOE YCKOPEHNe) ¢ yué-
TOM ABUKEHUS Tel B IIOJIe CUJ TAroreHusa F =G 77 TIOJIYUMIM:

GM v?

— A,

R*> R

rome R — paauyc ramaktuku. Ilociae mpeobpaszoBaHmuii BeIpaskKeHUe AJIA Ha-
XOMKIEHNUS MACChl TAJAKTUKN OyJeT MMEeTh CIAeAYIONNI BUI:

2
le%. (4)

Hia ranakTuk, Kak W OJIA 3BE3][, UMeeTcA OIpelesIEHHAsA 3aBUCUMOCTDb
MeXKIy MACCOH M CBETUMOCTBIO, KOTOpAasA HCIIONb3YeTCA AJISI BBIUMCICHUS
Mace rajakTuk. OQHAKO OIEHKM MAacC TFaJaKTHUK 10 UX CBETUMOCTAM IIOJyYa-
JINCh 3HAUMTEJIHHO MEHBIIe, YeM II0 BPAIlleHWIO MaJIaKTUK. OTO SBJIeHNE ObI-
JIO HA3BaHO «IIapaJJOKCOM CKPBITOM Macchl». UTOOBI OOBACHUTL €ro, HYMKHO
MIPEAIIONOKUTE, UTO I'Ae-TO B TAJaKTHUKE PACIOJIOMKeHa HeCBEeTAIasaACd, TEM-
Has MaTepusd.

B 70-x rr. XX B. ¢ IOMOIIIbI0O METOAOB PEHTTEHOBCKOM aCTPOHOMUU OBII
OTKPBIT TOPAUYUN MeKrajJakTuuecKuii ras. Ilo TemmepaType rasa MOKHO
OIEHUTh MAaccCy ero ckoijeHuii. IlepBble pes3yabTAThl PEHTTEeHOBCKUX Ha-
OJITOEHUH TOpsYero ra3a B rpynax rajJaKTUK IOATBEPAUJIMN HIPUCYTCTBUE B
HUX CKPBITOM MaccChl, He BXOASAINEH B COCTAB OTHEJbHBIX rajakTuk. Cerop-
HS ACTPOHOMBI JOCTATOUHO YBEPEHHO 3aKJIOUaloT: BceleHHAas B OCHOBHOM
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3aloJHeHa HeBUAUMBIM BeifecTBoM. OHO o6pasyeT HIPOTSKEHHBIE rajio ra-
JIAKTUK U 3aI0JHAET MEKTaJaKTUUecKoe IIPOCTPAHCTBO, KOHIIEHTPUPYSCH B
CKOILJIEHUAX TaJaKTUK.

CnexTpanbHbIe HAOIIO[EHN, TPOJieIaHHbIe C MCIOJIb30BAHNEM KOCMUYe-
CKOTO TeJjiecKoIla Xa00Ja M KPYIHBIX COBPeMEHHBLIX HA3eMHBIX TEJEeCKOIIOB,
MOATBEPANIN Haaumuue 00ablnux mMacc (oxoJso 50 muu macc CosHIIa) HecBe-
TAIIETOCA BEIeCTBA B AAPAaX pAJa FaJaKTHUK.

4. NanakTuKkmy ¢ akTUBHbIMI sapamin. Y OOJIBIITMHCTBA TAJaKTUK MOXKHO BbI-
IeJINTh APKYI0 IIeHTPaIbHYI0 YacTh — AApo (puc. 162). 9ra obgacTts oTau-
yaercsa GOJIBIION 3BE3MHOM moTHOCTHIO, mocruraromein 10°—10% ok 3. Ho,
HeCMOTPS Ha 3TO, CTOJKHOBEHUH sAep W 3BE3N B 3TOU 00JIACTU HE IIPOUC-
XOMUT.

WUccnaenoBaHusa mocjaeqHUX JIeT MOKAa3aji, UTO AP0 — He IPOCTo Oojiee
ILJIOTHOE MECTO TaJIaKTUKHU: B CAMOM ITEHTPE ero MOKHO OOHAPYKUTh eIé Of-
HO YILTOTHEeHMe — AAPBIIMKo. Tak, mpu HabJOIeHUN Sapa TyMaHHOCTH AH-
apomMensl (ero pasmepbl 0Ko0 100 IIK) yaasoch BBLIIEIUTHh APKOE AIPHIIITKO
nonepeunnkoM 1—14 nk. OHo BpalmaeTcs Kak TBEpHoe Teso (C Iepuogom
obpatrenusa 500 Teic. ger). Macca AAPBINIKA COCTABIAET IPUMeEPHO 13 MJIH

coJMHeUHBIX Macc. ILmoTHocTs — okoso 1500 conmmeunbix mMace Ha 1 mk3,

PrcyHok 162 — Xpapa ranaktmk cogep»kaT MacCUBHble YépHble Abipbl.
HwxHuii pag ¢oTorpaduii nosyyeH ¢ NOMOLLbIO KOCMUYECKOro Tesleckona Xab6na
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T. e. B 20 TBIC. pas OoiabIirre, ueM okoJio CoJH-
ma. SAgpeIiKo BeméT ceba TaKuM obOpasoM,
Kak OyATO 9TO caMoOCTOATeJbHOe oOpasoBa-
HUe, «BJIOXKEHHOE» B NaJIaKTHUKY.

Paguounccinenosanua mamiein I'ajmakTuru
MOKasajMu, UYTO B e€ IeHTpPe TaK:Ke MMeeTcs
AAPBIINIKO Pa3sMepoOM IPUMEPHO B 6 IK.

B aapax HEKOTOPBIX TaJaKTUK HMPOUCXOIUT
KoJIioccaJbHOE BBIJeJeHUe YHEePTUH, KOTOPoe
HeJIb3s1 O0BACHUTDL U3JIYUeHNEeM MM B3PhIBAMU
OOBLIUHBIX 3BE3A. TaKue TaJakKTUKU HTOJYUUIN
HasBaHNE TAJAKTUK C AKTHUBHBIMHU SIPAMM.

@opMBbI IPOSABICHUA AKTUBHOCTU SIEP ra-
JAKTUK PaA3INUYHBI. OTO MOKET OLITHL 0OJIbINA
PucyHOK 163 — RAPO ranakTukm MOIITHOCTDb MBJIyYeHUA B MH(ppPAKpPaCHOH, OIITH-
BbIGPACcbIBaET ra3oBble CTPYN — YeCKONl MM PEHTTEeHOBCKOI 00JIaCTH CIIeK-

DKETDI Tpa, MPUUYEM MEHAIONIasACA 3a CPABHUTEILHO

HeboJIbITIoe BpeMs (3a HECKOJIbKO JIeT, MecHd-

IleB WJM JaKke AHeii). B HEKOTOPBIX ciaydasx HaOJomaeTcs OBICTPOE IBUIKe-

Hue rasa B aape (co ckopoctamu ~ 1000 km/c). MHorma ras obpasyeTr AJIWH-
Hble IIPAMOJIMHEHbIE Ta30Bble CTPYU — MsKeTsI (puc. 163).

HawubGosiee BepoaTHasA ruiioresa, o0bACHAIONAS aKTUBHOCTD SAAEP, IIPEAIIo-
JlaraeT HaJWUYNe MAacCCHUBHOUN UEPHOU IBLIPHI B IEHTPE TalakKTUKH.

5. BzanmopgeicTByowmme rasaktukm. BiIusko pacmosiosKeHHBIE TaJIaKTH-
K1 MHOTAA OBIBAIOT CBA3AHBI MEXAY C000il II0JIOCOI cBeTdAllelicsa MaTe-
puu. HYacto aTu roriy0oBaThIe IOJOCHI ABJISIOTCA IPOAOKEHUEM CIHPAJIhb-
HBIX BeTBel. Ilo10CchkI cocTOAT M3 rasa M ropAYMX MOJOABLIX 3BE3n. Hepeako
TaJIAaKTUKU IIOTPYKEHBLI B OOITUIT «3BE3MHBLIN TyMaH», TOTJA UX HA3BIBAIOT
B3aUMOJEHCTBYIOIMMH.

B GoabinmrHCTBe ciyuaeB 0COOEHHOCTH (hOPM B3aMMOEHCTBYIOIINX TajlaK-
TUK O0BACHSAIOTCA BO3MYIIAIONIMMY IIPUJIUBHBIMHU CUJIAMU, TEHCTBYIOIIUMU
Ha 3BE3IBLI OJHOM raJJaKTHKU CO CTOPOHBLI Apyroui. MHorue mcciemoBaTesn
CUUTAIOT, YTO B3aMMOJEHCTBYIOIIE TATaKTUKN COJIUIKAIOTCA, a HaOJI0JeHI
B COBpPeMeHHbIe KPYIHBIE TeJeCKOILI ITOKA3bIBAIOT, UYTO CPeIM TAKUX TajlaK-
TUK OYeHb MHOTO cTaJKmBawInuxcsa. [axke mama [amakTuka sBiasgerca B3a-
UMOJIefcTBYIOIel . B HacToAIMIT MOMEHT OHA IIOTJIOIAET OAHY KapJIMKOBYIO
raJakTUKY, HaXOAAIIYIOCS Ha IIPOTUBOMOJIOXKHOM OT HAC CTOPOHE TajlaKTH-
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YeCcKOro amcka. depes HECKOJIBKO M-
JuapAoB JieT Hamia ['ajaKTUKa <«IIpPo-
raotut» Maremnnamosel Ob6saKa, a uepes
5 MJIpA JIeT CTOJKHETCS C TYMaHHOCTBIO
Aunpomensr (M 31) — pucynok 164. Ho
IIPpY 5TOM OUYEHL MaJia BEpPOSATHOCTb TO-
ro, 4To OYIYyT CTAJIKMUBATHCS OTHAEJbHbIE
3BE3MbI, TAK KAK OHU yIaJIEeHBI OJHA OT
IPYyroii Ha pPacCTOAHUSA, B COTHU MUJLIN-
OHOB pa3 IIPEeBbIIIAIOIINe UX AUaMeTP.
Bauske Bcero K HaM HAXOAUTCA IIapa
CTAJIKUBAIOIINXCSA KPYIHBIX TaJaKTUK
NGC 4038 u NGC 4039 B cosBe3guu
Bopona (puc. 165). 9ta B3auMomeiicTBy-

PucyHok 164 — Tak, BO3MOXHO, GygeT
BbIrNAAeTb Ha Hebe TYMaHHOCTb
AHppomefbl Yepes HeCKOIbKO
MunapaoB net

oIaa cucTeMa yaaJjieHa Ha 63 MJIH CBeTOBBIX JieT. Iloa BIMSHMEM CHUJI TATO-
TeHUd Yy raJJakKTUK IIOABUJINCH AJMHHBIE «aHTE€HHBI», COCTOAIIIME N3 ras3a nu
3Bé3,l[, IIO9TOMY HMX YaCTO HA3BIBAIOT «aHTEHHBIMN» TaJJAKTHMKaMMH. STI/I 06pa-
30BaHMS BO3SHHUKJIM B PE3yJbTaTe COyAapeHusA 3BE3THBLIX CHCTEM. ACTPOHOMBI
OTKDPBIJIN B «aHTEHHBIX» TraJJaKTHUKax 0oJiee THICAYU HeagaBHO o6pa303aanx-

cs 3BE3IHLIX CKOIIeHHMiI. B Kakaom us
HUX COIEP:KUTCSI M0 MUJIJINOHA 3BE3IH.
BospacT ckomgeHu# He IIpPeBbBIIIAET
100 mana ger. OHM 00pasoBaINCh IIOJ
IelicTBUEM IIPUJUBHBIX CHJ, BO30YIK-
IEHHBIX COMMIKEHNEeM ABYX CHCTEM.

6. Keasapbl. B mauasne 60-x rr. XX B.
0 paguouadayueHuAM OblaIu O0HApPY-
JKeHBI O00BEeKTHI, ITOJA00HBIE aKTUB-
HBIM AJpaM TaJaKTUK, — KBa3apsbl.
CiaoBo «kKBasap» 00pasoBaHO OT CJO-
BOCOUYETAHUSA «KBa3M3BE3HBIE PaJMO-
HCTOYHUKU», T. €. HONOOHBIE HA PaIuo-
uaJyuaroIiye 3863abl. CIIeKTpPhl KBa3apoB
collep:KaT SpPKUEe dMUCCUOHHBIE JIMHUU,
CHJIbHO CMEIlEHHBIE B KPACHYIO CTODPOHY,
Kak y JaJéKuX rajJakTuk. PaccToaHusd,
OIIpefIeJIEHHBIE TI0 KPACHOMY CMEIeHUIO,

PucyHok 165 — Crankusarowmecs
ranaktukn NGC 4038 n NGC 4039.
KpacHbiMm LBeTOM CBeTATCA
rasonbiieBble 06MaKa, Nagawwme
Ha YépHble AbIpbl B AApax ranaktuk,
rony6bim — monopble ropsiume
3BE3/bl, poXxpawwumeca 6narogaps
BO3MYLL€HMAM rasonblieBbIX Macc
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OKasajinch 0ojiee 5 MJIpa cBeTOBBIX JieT. Ha ¢ororpadusax KBasapbl BRITJIAIAT
OUeHb APKUMHU II0 CPABHEHUIO ¢ YIAJEHHLIMU FaJlaKTUKAMHU U B PaguoquaIa-
30HE MBJIYyYaloT TaK JKe CUJIbHO, KaK OJM3Kue PaguoOuCTOUYHUKU.

IIpuposa aKTHBHOCTH PAAMOU3IYUEHUA KBA3apoB TOYHO MOKA HE YCTAHOB-
JIeHa, OTHAKO C OIIPeIeJIEHHON yBePEeHHOCTHI0O MOXKHO CKAas3aTh cleayioliee:

1) KkBaszapbl — caMble JaJ€éKue 00beKThI, HabJoJaeMble BO BeeleHHOI;

2) 3HaAUUTEJbHAS YacTh KBa3apoB — HTO AApa JAJIEKUX TaJaKTHUK, KOTO-
pble HaXOOATCS B COCTOAHUM OUYEHb BLICOKOU aKTHUBHOCTH;

3) KBazapbl — caMble MOIIHbIE U3 M3BECTHLIX B IIPUPOJE MCTOUHNKOB BHU-
OIUMOTO UM MH(MPAKPACHOI'0 M3JIYyUYEHHUI, T. €. 9TO KOCMUUYECKNEe O0BEKTEI C KO-
JIOCCAJILHOI ITOBEPXHOCTHOM APKOCTHIO M3JIYUEHUS.

M3yuenne GOJBIIOro KOJINMUYECTBA KBA3apPOB C IIOMOIIbI0 KOCMHUYECKOr'0 Te-
Jeckoma Xa66sga B 1995 r. mpuBeso yUEHBIX K BBIBOAY, UTO HeJaJIEKMUe KBa-
3apbl (¢ KpacHBIM cMmertieHueM 2 = 0,5) cBa3aHBI ¢ B3aUMOAeHCTBYIOIITUMU 9JI-
JUITHYECKUMH TraJakTukamMu. MHOrue KBasapbl PaclIojiaraloTcsA B IeHTPax
MMOJOOHBIX 3BE3MAHBIX CHCTEM. JTO IIOATBEPKIAET IPENII0OJ0MKeHIIe, UYTO KBasa-
PBI ABJSIOTCA MAaCCUBHBIMM UEPHBIMU AbIPAMU B IIEHTPAX TaJIaKTHUK, Ha KO-
TOpbI€ IPOUCXOAUT HaJeHre BeIecTBa.

@ T'1aBHBIE BBIBOJIbI

1. TalaKTUKKM — TUTaHTCKME I'PaBUTAIIMOHHO-CBA3aHHbBIE CICTEMbI 3BEST
1 MEK3BE3THOTO BeIlleCTBA, PACIOJIOKEeHHbIe BHe Hallell ['alakTuKN.

2. Mup rajrakTuK Ype3BBIUYAHO pasHooOpaseH. Ilo BHelrHEMy BUIY
U CTPYKTYpPe TAJaKTHUKU KJIACCU(PUIIUPYIOTCA HA OCHOBHBIE THUIBI: 3JI-
JIUITHYECKNE, CINpaJbHbIe, HEeIIPABUJIbLHBIE M JUH30BUIHEIE.

3. CmeKTpanibHbIe JUHUMN B CIEKTPaxX MaJEKUX TaJaKTUK 3aMeTHO
CMeIlleHbI B CTOPOHY KPACHOTO KOHIIA CIeKTpa.

4. OTHOCHUTEJIbHOE yBeJHWUYeHNe IJNH BOJH JUHUHA B CIEKTpax
TaJIaKTUK MPOIOPIIMOHAIBHO PACCTOSHUIO 10 HUX (3aKoH Xab06Ja).

5. ITocrosuHas Xa66sa — KO3(pPUIMEHT IPOMOPIMOHATLHOCTH
MeXKIY CKOPOCTBHIO yIaJIeHNA BHETAJTaKTUYECKHX O0HEKTOB U PACCTOS-
HUEM [0 HUX, IPUHUMAEMbIA B pacuérax 75 km/ (¢ - Muk).

6. KBasapsl — KBas3uM3BE3JHLIE O0BEKTHI — CaMble MOIIHBIE IIO
9JIeKTPOMATHUTHOMY M3JIyUeHHUIO0 00BeKTHI BO BceseHHoOM, cunTaomnime-
cA AKTUBHBIMU AAPaMU JAJEKUX TaJaKTUK.
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KOHTpO]‘IbeIe BOMPOCHI N 3afaHNA

1. OxapaKTepu3yiTe TWMbl rafakTvk no Knaccmoukaumm d. Xabb6na. Yem snnuntuue-
CK/e N HenpaBwuiibHble FraflakTUKM OTAUYAIOTCA OT CiMpasbHbIX? K Kakomy TuMy OTHO-

cnTCA Hawa lanaktuka?

2. Ha KakoM pacCTOAHUM HaxoAWTCA ranakTuiKa, ecsiv CKOpOCTb €€ yfaneHusi paBHa

20 TbIC. KM/C?

3. Coopmynupyinte n o6MacHUTe 3akoH Xabona.

4. Kak OUeHMBAOT MacCbl ranakTuk?

5. CKonbKo BpeMeHW MpUAETCA »KAaTb OTBETA Ha pafnoTesierpaMmmy, OTMPaBIIEHHYIO0 K
ranaktnke AHgpomepbl, pacctoAaHue go kKotopown 0,69 Mnk?

6. KakoBO paccTosiHMe A0 raflakTuKW, ey B Hell OOHapy»KeHa HoBas 3Be3fa, BUAMMast
3BEé3[Has BeiMuMHa Kotopol 187, a abconioTHas 3Bé3fgHasA BenmumHa —72"?

§ 30. Pacumpsawwanca BceneHHan

1. NpocTpaHcTBeHHOE pacrnpefeneHne ranakTuk. FaTakTuky, Kak 1 3BE3-
IBbI, 00pas3yioT rpynnbl m cKomieHus. M3BectHo okoso 7000 ckomimeHuii ra-
adakTtuk. Orkoso 40 OamKaAWIIUX TaJlakKTUK, M3 KOTOPBIX HauboJiee MACCUB-
Hble — HaIla ['ajJlakKTUKa ¥ TyMaHHOCTL AHIpPOMenbl, — 00pPa3yIOT CUCTEMY
raJJaKkTUK pasdMepaMM B HECKOJIBKO COTeH KHJIOIapceK, KOTOopas IIOJyduiia
HasBaHue MeCTHOH Irpyniibl TAJAKTHE.

Boisiee Kpymnubie 00beIMHEHUS
TaJIJaKTUK TPYHOOUPYIOTCA B CHCTe-
mMbI radakTuk. OHH comepskaT J0
THICAYU TAJTAKTUK, U UX pa3Mep CO-
CTaBJIsIeT HECKOJbKO MeTalapcex.
Bauskaiiiiiee KpynHoe ob6bequHe-
HUe TaJaKTUK PasMepoOM HPUMEPHO
5 Mok HaxoguTCs B HAIIpaBJIeHUU
co3Be3nus JleBbI Ha PaCCTOAHUU
okoso 20 Muk (puc. 166). B ero co-
CTaB BXOOSAT TUTAHTCKUE DJIIUIITH-
YecKHe W CIHpaJbHbIe TaJaKTUKH,
Hampumep paguorajakTura Ilesa A,
cruupaigbHasa rajmaktTurka «ComOpe-
po» (puc. 167) u ap.

M0 PIeS
=™ M58

PucyHoK 166 — CkonneHune ranaktmk
B co3Be3aun [leBbl
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Camoe ymajléHHOe CKOILJIeHHe Ta-
JAKTHUK, 1O KOTOPOI'o OIIpelesieHO pac-
crogume (5200 Mnk), pacmoJiaraer-
csa B cosBe3aum BoJuiockl BepoHuUKH.
ToABKO € IIOMOIIBI0O CAMBIX KpPYII-
HBIX TeJIeCKOIIOB MOJKHO PAa3IUUYUThH
ero aApuaiinmue rajakTuku. KoMmiiek-
Chl CKOILJIGHUM TaJIaKTHUK pasMepaMu
30—60 Mok, comep:Kalux OeCATKU
CKOIIJIEHNUII, HAa3bIBAIOTCSI CBEPXCKO-
IIeHuaMu rajJakTuk. CKoILleHWe ra-
JaKTUK B co3Be3gumu lleBbl ABIseTCA
IIEeHTPAJbLHBIM CTYIIIEHHNEeM B CBEPXCKO-
PucyHok 167 — lanaktnka «Combpepo»  IJIeHHU TaJaKTUK, B KOTOPO€ BXOIUT

u Hamra MecTHasd Tpylna rajJaKTHUK.
OO611ee YMcJIO TAJaKTHUK HAaIllero CBEPXCKOMIJEHUS, MCKJIIYad KapJauKo-
Bbie, — okoJo 2000, a pasmep — okoyio 60 Mnk. IToka BBIIBJIIEHO OKOJIO
50 cBepxcromaenuii. CKomaenuit 60jiee BRICOKOTO paHTa He 00HAPYKEHO.

CBepXCKOILJIEHUA ¥ CKOILIEHUA TaJaKTUK 00pasyioT B IIPOCTPAHCTBE BO-
JIOKHOIIOMOOHBIE CTPYKTYPhI, HATIOMUHAIOIIE cO00M AYEHKM MU ITUeJIUHbIe
coTbl (puc. 168). B «BosoKHax» coOpaHbI CKOILJIEHUA TaJaKTUK, Ha IIepece-
YEeHUU «COT» — CBEPXCKOILIEHUS TaJaKTUK. PazMephbl HYCTOT «AUeeK» CO-
craBaAoT oxkoiao 100—150 Mnk, ToammHa «BOJIOKOH» — okKoao 10 Mmnk.
CpenHAs IJIOTHOCTH BEI[eCTBA B «BOJOKHAX» — mopaaka 10724 kr/m3. Kpym-
HOMAacIIITa0Has CTPYKTypa BcelleHHOH MMeeT A4encTOo-cOTOBLIN BuA. Cpenuas
IJIOTHOCTL CBETAINEerocsi BeiecTBa B MaciinTabax 6GoJsbiite 300 Mok paBHa
3 - 1072 kr/m®. Dro U ecTh CpeiHee 3HAUEHME ILIOTHOCTU CBETAIETOCS Be-
mmiecTBa B HaOJIOmaeMoi yacTu BcesieHHOM, T. e. B OoJbIINX MacinTadbax Bce-
JIeHHAs B cpeAHeM OTHOPOIHA.

2. Pacmpenune BceneHHoil. COBOKYITHOCTS HAOJIIOJaeMbIX TaJaKTHUK BCEX
TUOOB U UX CKOILIEHUI, MeKTraJakKTUUeCcKou cpeabl oOpasyer BecemeHHYIO.

OnHO 13 BasKHEHMIITUX CBOMCTB BceesleHHOM — e€ IMOCTOSHHOe pacIllupeHue,
«PasJyIéT» CKOILJIEHUI TaJlaKTUK, O UYEM CBHUIETEJNLCTBYET KpPacHOe CMeIlleHue
B CIIEKTpaxX rajaKTHK. BcejleHHas HaXOOUTCA B COCTOSHUU IMPUOJIUIUTETHHO
OJHOPOAHOTO M M30TPOHHOro paciiuperHud. OTHOPOTHOCTL O3HAUAET OJMHA-
KOBOCTH BCEeX CBOICTB MATE€pPUU BCIOLY B IIPOCTPAHCTBE, a M30TPOIUS — OIU-
HAKOBOCTBL 3THUX CBOMCTB B JI060M HampaBieHUN. OIHOPOSHOCTL CBUIETEIb-
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PucyHok 168 — KueucTtoe pacnpegeneHue ranakTuk B NPOCTPaHCTBe
(B pa3pese, Npoxopsiem Yepes CKOMIeHEe B CO3Be3aum Bonocbl BepoHukum)

CTByeT 00 OTCYTCTBUM BBIJEJIEHHBIX 00JIacTell IPOCTPAHCTBA, & N30TPOIUI —
00 OTCYTCTBUM BBIEJEHHOrO HampaBJeHudA. [Ipeamono:xeHnre 06 0JHOPOIHO-
CTU U U30Tponuu BceleHHON HA3BIBAIOT KOCMOJOTHYECKUM ITPHUHIIMIIOM.

I'ummoTedy o paciupenuu BceseHHOII Ha OCHOBe OOIedl TeOpUU TATOTe-
HUs A. OUHINITeHA ¥ CTPOTUX PACUETOB BHIABUHYJI B 1922 r. pyccKuii yué-
Helii A. A. ®puaman. Pacuérel mokKasanu, 4To BcelleHHas He MOXKeT OBITh
CTaIlOHAPHOM; B 3aBUCUMOCTH OT CpeAHell IJIOTHOCTMU BellecTBa BO Bce-
JEeHHOU OHa MOoJIKHA Jub0 paciupsaTbcsa, JuO0 cxuMmaTbesa. Hecramwmo-
HapHaa MoAenb BcelleHHOHN yTBepAamJjach B HayKe JIMIIb IIOCJE TOrO, KakK
9. Xabb6s obHapy:KuI pasberanue rajakTuk (cM. 3akoH Xa66aa B § 29).

W3 pacuéroB @puaMaHa BLITEKAJU TPU BO3MOKHBIX CJeAcTBus: BceeH-
Has 1 e€ IIPOCTPAHCTBO PACIIUPAIOTCS ¢ TeueHHMeM BpeMeHU; BcesieHHasa ude-
pes3 ompeleJEHHOEe BPEMs HAUYHET CKUMATBLCA; BO BceleHHOU UepemyroTcs
yepes3 GOJILIIINE MMPOMEKYTKY BPEMEHU ITUKJbBI CKATUA W pacinupeHusd. Bos-
HUKaeT BOIIPOC: KAaKOW W3 TPEX BapHaHTOB peajmayeTcs B Hamieir BcejeH-
HOM? OTBEeTUTHh HA HEro IPEACTOUT HAOI0AATeJIbHON acCTPOHOMNH, KOTOpAas
TOJIXKHA OIIEHUTHh COBPEMEHHYIO CPeIHIOI0 IIJIOTHOCTL BelllecTBa BO BceeseHHOM
¥ YTOUHUTH 3HaUeHUe IMoCcToAHHOI Xab6sa. IloueMy BaskKHO yTOUHEHUE STUX
IBYX IIOCTOSHHBIX BEJIUUNH?
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IIpu cosganum momenu paciupsiornieiicss BeeseHHOM OBLIO TTOKA3aHO, UYTO
CYIIECTBYEeT HEKOTOPOe 3HaueHWe KPUTUYECKOW IJIOTHOCTHU Py, Bcenenwoii,
omnpenesaeMmoe 1o popmyJae:

_3H?
Pro =g’

rae G — TpaBUTAIlMOHHAS IIOCTOAHHAA, H — mocroanHas Xa00sa. Pacuérel
0 JaHHOU (hOpMyJie AAKT, YTO Py, = 10726 xr/m3. IIo coBpeMEHHBIM OLEH-
KaM, IIJIOTHOCTH BelllecTBa BcesieHHOW OJM3Ka K KPUTHMUYECKOMY 3HAUEHUIO:
oHa 00 HEMHOTO 0OJIbIlle, MO0 HEMHOTO MEHBIIe (He PeIléH OKOHUATEhb-
HO Bompoc 00 y4uéTe Me:KraJaKTHUYeCKOrO rasa U «CKPBITOH Macchl»). Eciau
darxTuueckad cpegHAS IJIOTHOCTH BellecTBa BO BcesieHHOU 00JbIlle KPUTH-
YecKoii, To B OyayIeM paciiupeHue BcesleHHON JOJIMKHO CMEHUTHCS €€ CiKa-
TueM. Ecau cpefHss IIJIOTHOCTL BeIlleCTBA BO BcelleHHO#W MeHbINle KpPUTHUUe-
CKOM, TO pacIInpeHre TPOAOJIXKUTCA.

IToctoanuas Xa006ja mO3BOJAET OIEHUTH BPEMs, B TeUeHHE KOTOPOTO
MIPOJOJIZKAaeTCA IIpolecc pacinupenus Bceemennoi. OmpenesaeHo, UTO OHO He
menbIilie 10 mapa u He 6ogee 19 mapx ser. Hambosee BepoATHOe 3HAUEHIE
cpemHero BospacTta BecesleHHOM — OKoJio 15 mupp jiet. dta BeJIudnHa HeE IIPO-
TUBOPEUHT OIEHKAM Bo3pacTa HauboJiee CTapbIX 3BE3..

3. Mopenb ropsavenn BcenenHoii. B ocHOBe coBpeMeHHOI acTpoHOMUUeE-
CKOM KapTuHBI Mupa 00 sBoJOIUN BceleHHON JeXKUT Momeab ropadei
Bcenennoii. B cooTBeTcTBUM C Hel Ha PaHHUX CTAAUAX pacinupenus Bcee-
JIeHHAs XapaKTepus3oBajach HE TOJbKO BBICOKOU IIJIOTHOCTHIO BEIECTBA, HO
U er0o BBICOKOHU TemIlepaTypoii. I'umoredy «ropaudeit BceseHHOM» BBIABUHYJIU
K. Jlemerp u I'. A. TamoB. OHa mosyunia HadBaHue BoOJIBIIIOro B3phLIBA.

CorsacHo 9TO¥ Teopuu, IpeaIoJaraeTcsa, uTo BeceslenHas BOBHUKJIA B pe-
3yJbTaTe B3PhIBA U3 COCTOAHUS C OUYEHb BLICOKOI IIJIOTHOCTBHIO MaTepuu, 06-
Jagaiolieil orpoMHON sHeprueii. ITO HAYaJIbHOE COCTOSHUE MaTepuu Hasbl-
BaeTCA CUHTYJISPHOCTBI0) — TOUYEUHBIN 00BEM C OECKOHEUYHOI IIJIOTHOCTBIO.
Pacmmupenne BceleHHOU Helb3d pacCMaTpPUBATL KaK pacIIidpeHNe CBepX-
IIJIOTHOII BHAYaJie MAaTePUN B OKPYIKAIOIIYIO IIYCTOTY, MO0 OKPY KAIOIIel IIy-
CTOTHI He ObLT0. BecelleHHass — 3TO BCE cyliecTByiollee. BeecTBo BeemenHoit
C caMOro HavaJjia OJHOPOIHO 3AaIlOJHSAJJO BCE 6e3rpaHMYHOE IPOCTPAHCTBO.
W xora maBieHue OBLIO OTPOMHBIM, OHO HE CO3AaBAaJIO PACIINUPSIONIEH CHUJIBI,
Tak Kak Bes3qe ObLI0 OJMHAKOBBIM. IIpMumMHLI Hauaja paciupenus BeeaeHHO
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PucyHoK 169 — Cxema pa3sutua BceneHHon ot bonblioro B3pbiBa
O HacToAllero BpemeHu

IO KOHITa He M3BeCTHHI. Ilo Mepe e€ pacIiupeHus TeMIepaTypa Iagaja OT
OUYeHb BBICOKOI [0 OYeHb HUB3KOI, UTO U 00ECIIeYMJIO OJArOIPUATHBIE YCJIO-
BUS IJIS 00pasoBaHUA 3BE3MN U FaaKTHK.

Ha ocumoBanuu mogesneit @puamana Oblyia paspaboraHa mosTanHas QuUau-
YyecKas KapTHHA 9BOJIIOIINY BeIlecTBa HAUMHAaSA ¢ MOMeHTa B3pbiBa (puc. 169).
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Yyre 6osee TpéX MUHYT cOycTA (opMumpoBaHme paHHel BcesleHHO# 3aKOH-
YMJIOCh M HAYAJICS HPOIIecC COeIUHEHUs IIPOTOHOB 1 HEHTPOHOB B COCTABHLIE
anpa. 3arem moutu 500 ThIC. JIeT IIJIO0 MeaJeHHOe ocTbiBaHue. Korma Tem-
nmeparypa BceseHHOH ymaja mpuMepHO OO0 3 THIC. I'PaAycoB, sApa BOAOPO-
Ia U TeJUus yKe MOTJIM 3aXBaTbIBaTh CBOOOIHBIE 9JIEKTPOHLI 1 IIPEBPAIATE-
cd B HeWTpasbHBIE aTOMBI. Uepe3 MUJIJIMOH JIeT IIOocjie HavaJia paclIupeHusd
HACTYIIUJIa 3pa BellecTBa, KOrla M3 TropaYeil BOAOPOIHO-TeJNeBON IJIa3MbI C
MAaJION MPUMEChI0 APYTUX AIep CTAJI0 PpasBUBAThCA MHOT000Opasue HbIHEITHe-
ro mMmpa.

HeogmopoauocTu Bo BeeneHHON, M3 KOTOPBIX BIOCJEACTBUU BO3HUKJIU
BC€ CTPYKTYpPHBIE 00pa30BaHmusd, 3aPOAUINCH B BUAE HAUTOMKHBIX CIAYUAHHBIX
OoTKJIOHeHU# ((PIyKTyamuii), a 3aTeM YCUJIUJINCh B MOXY, KOTJa MOHU3UPO-
BaHHLIA ra3 BO BcejleHHON cTaJl mIpeBpalnaThCcsa B HEUTPaJbHLINA, T. €. KOraa
U3JIyUYeHNe «OTOPBAJOCh» OT BeIllecTBA.

ITocse Toro Kak BeIeCTBO CTAJIO ITPO3PAYHO AJIA BJIEKTPOMATHUTHOTO M3~
JyYeHUusA, B JeliCTBUE BCTYIIMIMN I'PaBUTAIIMOHHBIe cuiabl. OHU cTayiu mpeobJia-
IaTh HaJ BCeMU APYTMMHU B3aUMOAEHCTBUAMU MEXKIY MACCAMU IIPAKTHUYECKH
HEUTPaJIbHOTO BEIeCTBa, COCTABJISBIIIET0 OCHOBHYIO UacTh MaTepuu BceeseH-
HOM. I'paBUTAIlMOHHBIE CUJIBI CO3JAJIU MaJaKTUKM, 3BE3AbI W TJaHETHI.

Kaxosa cyanba Becenmennoii? CyIecTBYIOT ABe TeOpeTHUYECKUe MoAeau 0y-
nyinero BeesleHHOT — 3aKpbITasd U OTKPBITAS.

3akpsITad MOJeJb IIPeAIiojaraeT, uTo BecelleHHAaA MOMKeT OBITHL IIpecTaB-
JIeHAa KaK IPaHINO3HAs 3aKPhITAasd CHUCTEeMa, MCIILITHIBAIOIIAs MHOYKECTBO 9BO-
JIIOIIMOHHBIX IMUKJIOB. I[MKJI pacimupeHusa cMeHseTCa IMUKJIOM HOCJIeIYIOIIeTo
coKaTUs OO0 BO3BpAIlleHUS B CUHIYJIAPHOE COCTOSHIE, 3aTeM HOBLINI B3PLIB U
T. A. IloTHBIN IIUKJ pacIINPeHUA U cXKaTus BcesleHHOI coCTaBJIsET IPUMEDP-
"o 100 Mmapg netr. Kamaniii pas, Bo3Bpallasch K CUHTYJIAPHOCTH, Beceaennas
TepseT «IaMATb» O MPOIIJIOM COCTOAHHUUN X MOKET CHOBA «POAUTHLCA» C CO-
BEPIIIeHHO HOBBIM HA00pOM (pM3MUECKUX KOHCTAHT.

B oTkpriThiX Monensax BceseHHOM paccMaTpuBaloTCs pasHble BapHaHTHI
e€ «TeIJIoBOM cMepTu». IIpexamoJiaraercs, 4To yKe uepes 10'* ner muorme
3BE3IbI OCTHLIHYT, U 9TO B IOCJEAYIOIEeM HPUBEIET K OTPBIBY IJIAHET OT CBO-
UX 3BE3[, a Te, B CBOIO OUepedb, HAUHYT IMOKUAATH TFAJIAKTUKU. 3aTeM IeH-
TpaJbHBbIE YaCTH TAJaKTUK KOJIJIAICUPYIOT, 00pa3ys UYEpHBIE IBIPHI, M TEM
caMbIM IIpeKpalaioT cBoe CYIeCTBOBAaHUE.
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@ I'naBHBIC BBIBObI

1. B oxBaueHHOII acCTPOHOMHUYECKUMH HaOJII0JeHUAMU dacTu Bcee-
JIEHHOM CYIIEeCTBYIOT MUJIIMAPABLI TajJlaKTHUK. B IIpocTpaHCTBe Trajlak-
TUKU pacupeneeHbl HEPABHOMEPHO, 00pasys TPYIIbI, CKOIJIEHUA U
CBEPXCKOILJIEHUA TaJaKTHUK.

2. OcHOBHOE CBOMCTBO BcesleHHOI — €€ pacIIupeHue.

3. Ha coBpemeHHOM sTame pasBUTUA HAYKU PacCMaTPUBAETCA MO-
JIeJIb 9BOJIIOIIMOHHOY BceesleHHOI, KoTopas cO BpeMeHeM M3MEHSeT CBOIO
CTPYKTYPY U CBOMCTBA.

@ KOHTpO]‘IbeIe BOMPOCHI N 3afaHNA

1. OnuwurTe NPOCTPaHCTBEHHOE pacnpeaeneHne ranaktuk Bo BceneHHomn.

2. Kak o6XscHseTca KpacHoe cMelleHre 1 0 YéM OHO CBUAeTeNbCTByeT?

3. B uém coctouT CcywHOCTb Teopum pacwmpsiowenca BcenenHon?

4. K Kakum BbiBOfaM O cTaLmoHapHocTu BceneHHon npuwén A. A. ®puaman?

5. YTto Takoe Kputmueckasa NiIoTHOCTb BceneHHon? B Kakol B3anMOCBA3M KpUTMYECKas
NAOTHOCTb HAaXOAUTCA C paclUMpeHueM unu ckatnem BceneHHon?

6. Onnwunte mogenb ropAdven BceneHHon.

7. Y10 NnoHMMaeTcAa nog 3akpbITOM U OTKPbITON Mogenamu BcenenHon?

§ 31. XKusHb n pasym Bo BceneHHom

1. AHTPONHbBIV NPUHLMN 1 Npo6aembl CyLecTBOBaHNA pa3syMHbIX LUBUIN3a-
umin. CyIITHOCTh AaHTPOITHOTO MPHHIIUIIA 3aKJII0YAETCA B TOM, UTO IOSBJICHUE
JKMB3HU, pasyMa SIBJSIETCS HeoTheMJeMOi uacThbio BeceeHHOMH, ecTeCTBeHHBIM
ciaencTeueM eé€ sposronuu. Hamra BceceleHHas yaAUBUTEIbHO IIPHUCIIOCODIEHA
K BOBHMKHOBEHMIO M PA3BUTHIO B Hel Ku3HU. Tak, n3 0ECKOHEUHOTrO pas-
HOOOpa3usa HAYAJbHBLIX YCJIOBUHN 1 3HAUEHUH (PpU3UUECKUX ITOCTOAHHBIX, KO-
TOpbIE, BEPOATHO, BOSHUKAJIUN B paHHeil BceleHnHoil, peajn30BalluCh TOJILKO
MIPUTOAHBIE JJIA CYIIeCTBOBAHUSA PA3yMHOM JKMBHU.

IIpuBenéM HECKOJIBKO IIPHUMEPOB.
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1. M5l KMBEM B IIPOCTPAHCTBE TPEX maMepeHuii. Ho TOIbKO B TaKOM IIpO-
CTPaHCTBEe BO3MOJKHBI YCTOMUMBLIE MJIAHETHBIC ABMKeHUA (IpaBUTAIIIOHHOE
B3aMOJEeHUCTBYE).

2. Ecyu ObI rpaBUTAIIMOHHAS MOCTOSIHHASA ObLIa B HECKOJILKO pas 0oJbIIle,
TO BpeMa Kusuu COJIHIIA KaK YCTOMYMBOIO ropAYero IJIa3MeHHOrO I1apa u3-
MepPsJI0Ch ObI HECKOJBKUMHU AECATKAMU MUJIJINOHOB JIET.

3. Eciu 6BI Macca sJeKTpoHa Obljia B TpU pasa 00JIbIlle COBPEMEHHOII, TO
BpeMs KH3HU IPOTOHA OBLIO ObI MadbIiM. IIpu B3aumMoOmeHCTBUU HPOTOHA C
9JIEKTPOHOM IIPOTOH pacmajajcs Obl Ha HEeUTPOH U HelTpuHO. Torma 3BE3abI
U TAJIAKTUKM COCTOSANN Obl M3 HEHMTPOHOB, a 0oJiee CIOKHBIX (DOPM He CyIIe-
CTBOBAJIO OBI.

4. Ecau ObI cpegHsAS IIJIOTHOCTL BeIlleCTBa BO BcesleHHOU ObLIAa 3HAYM-
TeJIbHO MEeHBIIe, TO CUJIbI mHepluu (pasyéra) mpeobaamany Obl HaA CUIaMU
Tarorenusd. [losTomMy He ycmeau ObI 06pasoBaThCA 3BE3ABI U TAJTAKTUKU.

W sroT mamocTpaTUBHBIN PAL MOMKHO IPOIOIKUTE. CileloBaTeILHO, BhI-
BOJ OOWH: Hallla BcesleHHAs IpeacTaBJsIeT co00i equHOEe CBA3HOE IIEJIOe, CO-
TJIACOBAHHYIO CHCTEMY, VAMBUTEJIbHO IIPUCIOCOOJEHHYIO K CYIIeCTBOBAHUIO
JKusHHU. [[pyrue BcejleHHbIE ¢ MHBIMHU (DU3WUYECKUMHU IIapaMeTpaMu pasBHUBa-
Juch OBbI, KAK OTMETHJ coBeTCKMU KocmoJior A. JI. 3enpbmaHOB, 6e3 cBuje-
TeJel.

2. Nownckn »xun3Hm B ConHeuHon cucreme. MHTEepec K MHBIM popMaM KU3-
Hu B CoJIHEUHO# cucTeMe IpeciiefyeT YeJOBeUeCTBO C AaBHUX mop. Korma-
TO JIIOAW AyMaJii, YTO OOMTAaeMbl Bce ILJIaHEeTHI, gaxke JlyHa. Ho uem 6GoJbIiie
Mccaen0BaATe I Y3HABAJN O IIJIaHeTaX, TeM MeHee ONTUMUCTUUYHBIMHU CTAHO-
BUJIMCH UX HPOTHO3LI. B MTOTEe IJIaBHBIMU «IIPETEHAEHTAMN» OCTAJUNCDH TOJIb-
Ko Bemepa u Mapc. OpHako m3ydeHUe IIOBEPXHOCTU BeHephl MOKAas3ayio, UTO
HUUTO JKUBOE He MOXKET BhIXKUTL Ha dToH ImaaHeTe. Torga Bce HageXAbI CTa-
JIV CBA3BIBATH C CaMO¥ 3aragodyHoii miaHeror — Mapcom.

T'maBHas 1esnb MOJMETOB aBTOMATHUECKUX OPOUTAIBHO-IIOCAZOUYHBIX CTaH-
nuii «Bukuar» K Mapcy cocTosijia B IMOHCKe KU3HM HA 3TOM mIaHeTe. BnI-
JIO BBITIOJTHEHO HECKOJBKO CJIOXKHBIX OMOJIOTMYECKUX DKCIIEPHMEHTOB. B xo-
e aHa/IM3a MapCHUaHCKOT'O TPYHTA He OBLLIO OOHAPYKEeHO HUKAKHUX CJIeOB
OPraHNYECKUX COeNUHEHHIN — IIPOAYKTOB JKU3HEAeATeJIbHOCTH MHKPOOpra-
HU3MOB. [[J1s1 cpaBHeHUA: TaKou Ke mpubOp mpu mpobax aHTAPKTUUECKOTO
TPYHTa HAIIEJI 3HAUYUTEJNbHOE KOJMUYECTBO MCKOIAeMBLIX OPTaHUYEeCKUX COoe-
TUHEHUN.
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B 1976 r. crannmua «BuxkuHr» mepemana Ha 3eMJio gororpaduio sara-
ITouHoro o0bekTa (u3 obsactu CHUIOHMA) pasMepoM OKOJIO IOJyTopa KKJIO-
METpPOB, KOTOPBIA Ha3BaJU «T0JIOBOU cpuHKca» (puc. 170). Brlia BEIABUHY-
Ta TUIOTE3a, YTO ITO APXUTEKTYPHOE COOPY KeHWEe IPEBHEU ITWBUJIUI3AIIVIN.
Ho uccienoBarenu Mapca 3aaBUJIN: 3TO IPUPOAHBIN 00beKT. CIIOPEI HE yTHU-
xanu go 2001 r., morka KocMmmueckuii anmapat «Mapc I'mo6an Cepeiiop»
He Tepenas Ha 3eMJ0 0oJjiee TOAPOOHBIN CHUMOK 3TOro o0beKkTa (pumc. 171).
Ha HOBOM M300paskeHWM XOPOIIIO BUIHO, UTO «T0JI0Ba CHUHKCA» — IPUPOJ-
Hasd CTPYKTypa.

OnTuMu3M YUEHBIX HCCAK, W IOChLIaeMble K Mapcy B IOCHIeIyIOIue T'o-
Bl TTIOCAZOYHBIE allllapaThl He COJeps;Kaiu Ha 60pTy IpubOpPoB, KOTOPHIE MOT-
Ju Obl HAWTH MPU3HAKU KU3HU.

B To BpeMsa Kak IOMCKU KU3HM Ha Mapce 3aliid B TYOUK, KOCMUYECKUH
anmapar «[amuiaeo», msyuatomuii cucremy IOmnurepa, mepenaa coolieHue,
YTO Ha OJHOM M3 OOJIBIINX COYTHUKOB — KEBpoIle — OOHApPYy:KeH OKeaH TéE-
IIJIOW BOJBI, HAXOAAIUMICA TIOJ JIEASHBIM TaHITPEM.

IToBepxHOCTH EBpPOIIBI MOKPHITA MOJIOABIM BOAAHBIM JbIOM, KOTODBIHN
HUCIIEIPEH TpemmHaAMMN U «xaocaMu» (cM. puc. 79). AHanu3 MOTYyUYEeHHBIX
B pa3Hoe BpeMsdA M300pasKeHWil IMoKasaJl, YTO JIEJ HECKOJHKO CMeIlaeTcd

PucyHok 170 — QoTtorpadus PucyHok 171 — QoTorpadus
«ronosbl cdunHKca» Ha Mapce, «ronoBbl cpuHKCca», NonyyeHHas
nony4yeHHasa B 1976 r. C nyywnm paspewieHvem B 2001 r.
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(momob6HYI0 KapTHHY MOMKHO HAOJI0JATh HAa 3€MHBIX HOJAPHBIX MOPAX BO
BpeMdA BECEHHero TadgHUA JbjAa). Vcxonda m3 pasMepoB WM TeOMETPUU JIeHsd-
HBIX TPEIVH, YUEHbIe TIPEATIONOKUIN, YTO Ha cuyTHUKe EBpona TOHKUI Je-
IAHOM CJIOHM 3aKphIBAeT BOLY WJU TaJbIil jén. BepoATHON NPUUYMHON MOABIIE-
HUS TaKUX CTPYKTYP MOXKET OBITH AeiiCTBUE I'MJPOTEPMAIbHBIX UCTOYHUKOB
(reiizepoB). CiaemoBaTebHO, ecji Ha EBpoIle ecTh TEILIasd BOIa, TO MOTYT CY-
IeCTBOBATh M Kakue-i1nbo (Gopmbl :KusHu. OJHAKO O0HAPYKUTH UX MOKHO
TOJBKO «IPUBEMJIMBIINCH» HA TOBEPXHOCTD.

3. MNouckn »xunzHm B Nnaktuke. CoBpeMeHHAs HayKa oIpenesseT BHe3eM-
HbIe IUBMIU3AINN KaK T'UIIOTETHYeCKIUe O0IecTBa PadyMHBIX CYIIECTB, KO-
TOPbI€ MOTYT BO3HUKHYTh U CYIIIECTBOBATH BHE 3eMJIU.

1A omeHKM ymcja BHe3eMHBIX HuBMAM3anuii B l'ajakTuke aMepuKaH-
ckuii paguoacTpoHoM Ppsucuc [IpeliKk mpeaoKUI CAEIYIONIYI0 GopMyIy:

N=R.f.n.k.d.q.L’

rae N — umnciio BHe3eMHBIX IuBMIN3anuii B ['anakTuke; R — cKopocTh o0pa-
30BaHUS 3BE31 B l'ajlakTuKe, yCpegHEHHAsA II0 BCeMY BpeMeHHU €€ CYIIeCcTBO-
BaHusa (oxoso 10 3Bé3n B rox); [ — mOJA 3BE3M, 00JaMaIONTNX MJIAHETHLIMU
cruCTeMaMu; 1 — CPeJHee YUCJO IJIAHET, BXOAAMNINX B ILNTAHETHBIE CHUCTEMBI
M 9KOJOTUYECKM HPUTOAHBIX IJd JKU3HU; kB — JOJId IIJIaHeT, Ha KOTOPBIX
IEeMCTBUTEJIHHO BO3HUKJIA KU3HDb; d — IOJIS IIJIaHEeT, Ha KOTOPBIX IIOCJe BO3-
HUKHOBEHUS KU3HU PA3BUJINCH €€ pa3yMHBIe (GOPMBI; ¢ — OOJIA IJIAHET, Ha
KOTOPBIX pasdyMHasdA JKM3Hb JocTHUIJA (hasbl, obecrieunBaroIieii BO3BMOYKHOCTD
CBA3YU C IPYTUMU MUPaAMU, ITUBUIUANUAMU; L — CpemHAs IIPOIOJIIKUTEDb-
HOCTDH CYIIIECTBOBAHUSA TAKMX BHE3EeMHBIX (KOCMHUYECKUX, TeXHUUECKUX) IU-
BUJIN3AIINHA.

B ¢opmyne [Ipeiika Bce BeIUUYNHBI, KPOME IIEPBOI, UMEIOT OUEHb HEOIIpe-
IeJEHHBbII XapaKTep U OIIPEIeJA0TCS Ha OCHOBE DKCIIEPTHBIX OIEHOK yueé-
HBIX. IlosTOMY co3maéTcsa 3HAUUTEJbHAs HEOIpPeneJEHHOCTh B OIleHKe 00-
miet Beanunabl N. OgHN MOACUYETHI MOKA3bIBAIOT, UTO ceifiuac BCEro JMIIb
HECKOJBbKO I'eOIOMO0HBIX HMuBMAN3anuil ['alakTuKu (B KOTOPOI 101t 3BE31)
FOTOBBI K KOHTAKTy ¢ HamMu. CorjacHo ApyruM, 6oJjiee ONTUMUCTUUYECKUM, —
TAKUX IUBUJIN3AINUN MOMET OBITh 3HAUUTEJIBHO OoJibIlle. Kak oguu us
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apryMeHTOB B II0JIB3Yy TOT'O, YTO BHE3eMHBIE ITUBUJIN3AIIUNA — SBJEHUE BECh-
Ma peaKoe, BBIIBUTAETCSI OTCYTCTBUE BUINMBLIX IIPOABICHUN UX AeATEb-
HOCTH.

IlepBble PabOTHI MO MOWCKY CUTHAJIOB BHE3EMHBIX ITUBUJIMBAIIUUA ITPOBEJ
B 1960 r. @. [Ipeiik (CIIA). O mcciaemoBas paguousayuyeHne OJMKaNIIINX
3Bé3n (t Kura u ¢ 9pumana) Ha BosHe 21 cMm. VMcKyccTBEeHHBIE CUTHAJBI 00-
HapPY’KUTH HE yIaJI0Ch, HO 9pa MOMCKOB CUTHAJIOB BHE3EMHBIX ITHUBUJIN3AIUN
OblIa OTKPEITA. B HacTosIee BpeMsa KOCMUYECKOe IPOCTPAHCTBO IIPOCTYIIIN-
BaeTcs OJHOBPEMEHHO Ha MHOTHX dYacToTaX. IIpMHATHIE PAZUOTEIeCKOIOM
cuUTHAaJBI 00pabaThIBAIOTCA KOMIIBIOTEPAMM.

ITapanaenbHO BeméTcsa pabora
IO COOOIIEHUI0 BHE3EeMHBIM I[UBU-
Ju3anusaM HHGopMaIuu O HaIlen
3eMHOU nmusuausanuu. B 1974 r. ¢
pammroacTpoOHOMUUECKOil obcepBaTo-
puu B Apecubo B CTOPOHY IIIapPOBO-
ro ckomenus M31 (cossesnue I'ep-
KyJjeca), HAXOOAIIErocs OT 3eMJIU
Ha paccTogHuu 24 ThIC. CBETOBBIX
JeT, OBbLIO HaIpaBJeHO IOCJaHue,
comep:kariee 3aKOIMPOBAHHBIN
TEKCT O JKU3HU U ITUBUIU3AINY Ha
3emie. HGOpMAaIIMOHHEIE COO0IITE-
Hus (MJIACTUHKYM C HAHECEHHBIMU
PUCYHKaM’, BUIEOMUCKU C 3aIlU-

PucyHok 172 — Tabnuuka c nocnaHuem,
agpecoBaHHas NpeacTaBUTENAM BHE3EMHbIX

3 LMBUAN3ALMIA, NOMeLLEeHa Ha GopTy
caAMu m3o0pasKeHUi, 3BYKOB U Ue- «MnoHepa-10»

JIOBEUECKOU peum! Ha Pas3HBIX I3bI-
Kax) He pas3 IMOMeIaJNCh Ha KOCMUYEeCKHNe alnapaThl, TPAeKTOPUU KOTOPBIX
BbIXoauan 3a mmpenenbl CorHeuHOU cucteMsbl (puc. 172).

B mocnenmee BpemMsa cpeiu YUEHBIX U (GuaocodoB BCE OOJIBINIE yTBEPKIA-
eTcsa MHEHWe, UTO UeJIOBEUEeCTBO OJAMHOKO eCJii He BO Bcell BcenenHoi, To BO
BCAKOM ciydae B Haiel I'amakTuke. VI3 3TOro BhITEKAET BaKHEUIITNHA BBIBOJ
0 3HAUYEHWU, IIEHHOCTH W YHUKAJLHOCTH HAIlledl IUBUJIN3AINUU. degoBeue-
CTBO, TAKUM 00pa3oM, B OTPOMHOII CTeIeH! OTBETCTBEHHO He TOJIbKO 3a Ha-
1Ty TJIAHEeTy, HO U 3a BcesleHHYIO B II€JIOM.
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@ T's1aBHBIC BBIBOIBI

1. Pagymuas »Ku3Hb BO BcesleHHOH SIBIAETCA CIEACTBUEM €€ (pyH-
TaMEeHTAJNIbHBIX CBOMCTB — B 5TOM 3aKJIIOUAETCS CYIITHOCTb aHTPOITHOTO
npuHIUOa. J[[aHHBIA IPUHIIUI IIOCTABUJ Ha HAYUYHYIO OCHOBY BOIIPOC:
IIoUYeMy HAIIl MUP YCTPOEH TaKMUM, KAKMM MBI ero Habaomzaem?

2. B ConmeuHoO# cucTeMe Ha HeOECHBIX TejlaX, KpoMe 3eMJIM, IIOKa
He 00HAPYKeHO JKU3HU.

3. Ilorck BHe3eMHBLIX IWBUJIM3AINN IIOKA He HPUBEJT K IIOJOKU-
TeJIbHBIM Pe3yJabTaTaM.

4. Ha uesoBeuecTBe JIEKUT OI'POMHAS OTBETCTBEHHOCTL 34 COXPaHe-
HUe KM3HU U pasyMa Ha 3eMJje 1 BO BcelleHHOI B II€JIOM.

@ KOHTpOﬂbeIe BOMpPOCbI N 3apaHNA

1. B uém 3aKknioyaeTca CyLWHOCTb aHTPOMHOro NpuHumna?

2. Ha kakumx nnaHetax CO/MHEYHON CMCTeMbl yYéHble MpeanonaraloT BO3MOXHOCTb CYy-
LLEeCTBOBAHUA »KN3HN?

3. Kaknm 06pa3oM MOXHO OLEHUTb YMCIIO BHE3EMHbIX LUMBUNU3aUniA B Hawein Manak-
TMKe?

4, Mouemy ¢opmyna @. [Ipelika JAET 3HAUMTENIbHYIO HEONpPeaeNEHHOCTb B OLEHKE KO-
nnyecTBa uUmMBMAM3aunin B fanakTunke, roToBbIX K KOHTAKTY C HaMu?

5. Kaknm 06pa3om 4enoBeYeCcTBO MbITAETCA YCTAHOBUTb KOHTAKTbl C BHE3EMHbBIMU LiU-
BUN3ALNAMN?
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leorpaduueckne KoopauHatbl ropoaos Pecny6nukun benapycb

Topox ITupora (c. m1.) Hoarora (c. a.) e Wb onoit
nosc
Musck 53° 54’ 27° 33’ 1% 50,3" 2
Bapanosuun 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
Bpecr 52° 06’ 23° 42’ 1% 34,8" 2
Bure6ek 55° 12’ 30° 117 2% 00,8 2
T'omens 52° 25 31° 00’ 27 04,1™ 2
I'pomso 53° 41’ 23° 50’ 17 35,3" 2
JIupa 53° 53’ 25° 17 1% 41,1 2
Morunés 53° 54’ 30° 19 27 01,3" 2
MossIpb 52° 08’ 29° 16’ 1% 57,1™ 2
Monogeuso 54° 18’ 26° 50 1% 47,3 2
Hosonomaomnk 55° 327 28° 37 17 54,5™ 2
Opia 54° 30’ 30° 26’ 2% 01,7 2
ITunck 52° 07 26° 07’ 1% 44,5 2
ITonork 55° 29’ 28° 47 1% 55,1 2
Peuunna 52° 21’ 30° 24’ 2% 0,16™ 2
CBeTJIOropCcK 52° 39’ 29° 43’ 17 58,9™ 2
Cryux 53° 01’ 27° 33 1% 50,2™ 2
Conuropck 52° 47 27° 33’ 1% 50,2™ 2
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CnpaBo4Hble faHHble 0 3emne

ITapameTp Beanunna
OKBaTOPUATIBHBIN pagnyc, KM 6378,140
ITonapuslii paguyc, KM 6356,755
Cpenuuit paguyc, KM 6371,004
IToBepxHOCTH 3emiu, KM? 5,0949 - 108
ITosepxHocTh cymmiu, % 29,2
Boarasa moeepxuOCTh, % 70,8
Macca Bemun, Kr 5,973 - 10%4
Macca BogbI BO Bcex e€ (popMax, KI' 1,43 - 1021
Macca armocdepbl 3eMmiIn, KI 5,158 - 1018
JIluneiiHas CKOPOCTh TOYKU SKBATOPa, M/C 465,12
CpenHsAs CKOPOCTh IBUKEHUS 3eMJIU II0 opouTe, KM/C 29,765
VcKopeHMe CHIIBI TsKecTH Ha Semie (Ha mwuporte 45°), m/c? 9,806
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CnpaBouHble flaHHble O JlyHe

ITapameTp Beauuuna
MunuMaIbHOE PACCTOSAHIE OT 3eMJIU, KM 356 410
MaxcumabHOE pacCTOSAHNE OT 3eMJIH, KM 406 740
Cpennee paccTosHme OT 3eMJIN, KM 384 400
CpenHuil SKCIIeHTPUCUTET OPOUTHI 0,0549
CpenHee HaKJIOHEHHE ILJIOCKOCTH OPOUTEI K SKJIUITHAKE 5°08743"”
ITepuon obGpallieHusT IO OpPOUTE, CYT 27,32
CpenHss mepuOAUYHOCTL cMeHbI (a3 JIyHEbI, cyT 29,53
Cpenunii yriroBoii paguyc JIyHbI 15’33”
Macca, xr 7,35 - 10%3
CpexHAsS IJIOTHOCTH, KI'/M° 3340
VCKOpeHNe CHIIBI TSAMKeCTH, M/c2 1,62
Bropasa KocMuyeckas CKOPOCTb, KM/C 2,38
MakcumanbHasa TemoepaTtypa guém, °C +130
MwuaumanbHasS TeMOepaTypa HOubio, °C =170
OcBeIéHHOCTh OT MOJIHOM JIYHEI HA 3€eMHOM IIOBEPXHOCTH, JIK 0,25
OCBeIIEHHOCTD OT IIOJTHOM 3eMJIM Ha JYHHOM ITOBEPXHOCTH, JIK 16
CpenHsis oTpaskaTebHass CIIOCOOHOCTH OTO BCeI JIYHHOI 12,44
nosepxHocTu, %
OTpaskaTesbHAA CIIOCOOHOCTL MATEPUKOBBIX oOaacreit, % 13,44
OrpakaTeabHasi CIIOCOOHOCTL MOPCKUX obOJiacTeir, % 7,30
O61ad mIomaab MoBepxXHoCcTH JIVHEI, KM 3,8 - 107
Ilnomans Mopel Ha Bcell IIOBEPXHOCTH, % 16,9
Ilnomaas Mopeil Ha BUAUMOM cTOpoHe, Y% 31,2
IInomaas TOBEPXHOCTH, KOTOPYIO MOYKHO HAOJIIOIATH 59

BCJIeACTBYE JuOpamuu, %




CnpaBouHble gaHHble 0 ConHue

ITapameTp Beauuuna
ITapanmaxkc CoaHIIA IIPU CPeAHEM PACCTOAHUU 3eMJIU 8,794
ot Comuna, ”
Cpenuee paccrosaume no ConHIa, KM 149 600 000
Huamerp ComHIa, KM 1 392 000
Bugumbiii yriaosoil guamerp (CpeaHuin) 31'59”
Macca, Kr 1,989 - 10%°
CpeaHssa IJIOTHOCTD, RI"/M3 1408
VCKOpeHNe CHIIBI TSAMKECTH Ha IOBEPXHOCTH, M/ C2 273,8
Bropasa KocMuueckas cKOpoCThb, KM/C 617,7
CumepuiuecKuil Iepro BpallleH!usA TOUKU 9KBATOPa, CYT 25,380
CuHoguuecKuil IIepHUol BpallleHnusA TOUKHU 9KBATOpPa, CyT 27,275
Haxkion sxBaTopa K 9KJIUITHKE 7°15
Ceerumocts Comaria, [k /c 3,88 - 1026
AddexTuBHaa remieparypa orocdepsnl Conuia, K 5780
AGcomoTHaa GoToBU3yadbHAA 3BE3MHAA BEJIUUMHA +4,96™
Cropocth aBumkeHusaA COJHIIA OTHOCUTEJIBHO OKPYIKAIOIITHIX 19,5
3BE3M, KM/C
Anexc aBumxenusa CoJiHIIa o= 270° =

= 18" 00" & = +30°

Paccroanue CosHIla oT meHTpa alakTUKK, KIK 8
Cropocts aeuxeHusa CoJsiHIIa BOKPYT HeHTpa ['alakTuKu, 220
KM/C

ITepuon oopaienus CosHIla BOKPYT IieHTpa 'alakTUKM, MJIH JIET okoJio 220
CpeaHAs TPOJOIIKUTEIbHOCTD IIOJHOTO ITUKJIA COJTHeUHO 22,11

aKTHUBHOCTH, JIET
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