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BBEJAEHUE

TEMA 1. § 1. Yto u3yyaer acrpoHomus?
HcTopus eé pa3BuTHA U CBA3b ¢ APYTMMHU HAYKAMHU

Hayxka, m3yuaromast nanékue M OMM3KME KOCMUYECKHE OOBEKTHI, JIBUKECHHUS
KOCMHUYECKUX CHCTEM M MX (PU3MUYECKyI0 HPUPOAY Ha3bIBAETCS ACTPOHOMHEH.
C1noBO acmponomus TpedecKkoro NpOUCXOKIEHUS: acmpon — 3Be3a, HOMOC — Ha-
yKa. DTO HayKa 0 HEOECHBIX TeJIaX, X MPOUCXOKJACHUU U CTPOEHUH, TBUKECHUHU,
buznuecKoil mMpuUpoje 1 IBOIIOLUH.

Kpamxkas ucmopusa paszsumusa acmpornomuu. ACTpOHOMUS, KaK U Jpyrue Hay-
KM, BO3HUKJIA U3 MPAKTHUECKHX MOTPeOHOCTeH uenoBedecTBa. VcToku acTpoHo-
Muu OepyT cBoe Havano B BaBunone, Erunte, LlenTpansnoit Asun, Kurae, UH-
JIUU HECKOJIBKO THICSYENIETUN Ha3al.

B npeBHOCTH Tpeueckne acTpPOHOMBI MBITATUCh OOBSCHUTH NPUYUHBI HAO-
JIOMAaeMbIX MU acTPOHOMHYECKHX siBieHuil. B wactHOcTH, [Indarop Beickazan
IPEANONIOKEHNE O TOM, 4TO 3eMiis uMeeT GopMy miapa, a ApUCTOTeNb, IPEATo-
JIOKUB, YTO HEMOJBHU)KHAsA 3eMJIsi HAXOIUTCS B LIEHTpe BceneHnHoil, ctan 0CHOBO-
MOJIOKHUKOM YUYEHHsI O T€OLIEHTPUYECKOW CUCTEME MUPA.

Oparocen, xuBmuil B Anexkcanapuu B III B. 10 H. 3., mepBbIM BBIYHUCIUII
JUIMHY 1° ayru Mepuanana 3emiid, a 03Ke, OCHOBBIBAsCh HAa 3TOM, U paJNyC Ha-
e miuaHeThl. 3HAMEHUTBIN TPEUYeCcKuil yué-
HBI U ¢unocod ['mnmapx cocTaBui nepBbIit
3BE3AHBIA Karajor (Tabiauiy), B KOTOPOM
NPUBEIEHbI KOOPAMHATHI COTEH 3BE31. JKUB-
i Bo Il B. 10 H. 3. BENIMKUH TpeuyecKuid
actponoM Knasmuii [ltonemeit B cBoem co-
yuHeHun «Merane cuHTakcuc» («Bemnukoe
MOCTPOCHUE»), 000OIIUB JOCTHKCHHS Tpe-
YeCKOW acTPOHOMMH, CO3/1a]l HOBOE Y4YE€HHUE,
OOBSICHAIONIEE BUAMMBIE JIBUKEHMS ILJIAaHET
U OCHOBAaHHOE HA I'€OLEHTPUYECKON TEOPUH
Apucrorens — ['mnnapxa, mo KOTOpoil UMEH-

HO 3eMJyisi HaxonuTcs B LieHTpe Bcenennoit Puc. 1. CtpoeHne MUpo3IaHus
(puc. 1). no Apucroremnto (IV B. 10 H. 3.).
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CornacHo 3TOMy YUYEHUIO, KaXKJasi U3 U3BECTHBIX K TOMY BPEMEHHU IATHU Ija-
HeT (Mepkypuii, Benepa, Mapc, FOnutep u CarypH) nIBU>KeTCs BOKpYT 3eMJIU 1O
MaJoMy KpYTy, Ha3bIBAeMOMY nuyukiom. LIeHTpbl 3TUX MalbIX KPYroB, B CBOIO
ouyepe/b, IBUXKYTCS MO OOJBIIMM Kpyram, Ha3blBaeMbIM Oegepenmamu. Hecmo-
TPl HA TO, YTO dTa IE€OLICHTPUYECKas TEOPHUs HE OTpakaja JCHCTBUTEIBHOE CTPO-
eHue BceneHHol, oHa mpocylilecTBOBaia NOYTH 15 BEKOB.

B IX-XV BB. B crpanax bmmxnero u Cpeagnero Bocroka, LlenTpanpHoit
A3uu OBUTH MTOCTPOCHBI KPYITHBIE aCTpOHOMUYECKHE oOcepBaTopuu. B HUX pado-
TaJIU TaKUe U3BECTHBIC yU€HbIE, KaK anb-barranu, anb-Xopesmu, anb-DepraHu,
Aby Maxmyn Xymkanmu, AOy-nb-Beda bysmxanu, AOmypaxman ac-Cydwu,
u6H Ocy¢ u ap.

B uactHOCTH, anb-barranu, 000OUIIMB AOCTHMKEHHUS T'PEUYECKHX aCTPOHOMOB,
BBIYMCIIMJI HEKOTOpbIE JaHHblE, OTHOCsSmHMecs K ABvxkeHHIo JlyHbl. CounHeHue
anb-deprann «OCHOBBI aCTPOHOMHM» BBINOIHSIIO POJIb ACTPOHOMHYECKON HIIN-
KJIOTIEZIMA TOTO BpeMeHH. ApaOCKue acTpOHOMBI MPOCIABMINCH CBOMMH JIOCTH-
KEHUAMHU B U3ydeHun JIyHbI 1 €€ ABIKEHUS U pab0oTaMu 1O BBIYMCIICHUIO JTHHBI
mepuanana 3emin. M3BectHo Oonee 40 TpynoB Hamiero yuéHoro bepynu, B KoTo-
PBIX MpUBEACHBI CBeJeHUS O ABMkeHHU ComHia, JIyHbl U MJIaHeT, UX CTPOCHHH,
naHa nHGOpPMAIHS O KaJeHIapsX.

B XV B. B Camapkanze noja pykoBOACTBOM BEJIMKOTO MPEACTaBUTENS acTpoO-
HOMHYECKOH mkoiibl BocTtoka Mup3o Yiyroeka Obuia mocTpoeHa camasi KpyItHas
aCTpOHOMHYECKass 0OcepBaTopusi TOTO Meprosia. B TeueHne HeCKOJIbKUX NECATH-
JeTHi (QYHKITMOHUPOBAHMS 00CEPBATOPHH MPU HEl ObL1a 00pa3oBaHa aCTPOHOMHU-
yeckas IIKOJIa, B KOTOPYIO BXOJMJIM M3BECTHBIE YUeHbIe TOro BpeMeHu — Kazu-3a-
ne Pymu, xammumn ane-Kamm u Anu Kymraum u op.

JlanbHeiiliee pa3BUTHE aCTPOHOMHH CBSI3aHO C (yHJAMEHTAJIbHBIMU OTKpPBI-
TUSMHU psifa yueHblX EBponbl. OcoOeHHO MI0JOTBOPHBIMU B 3TOW 00JacTH ObLIN
UCCIIeIOBaHMS MOJIbCKOro acTpoHoma Hukomnas KonepHuka, UTaIbSIHCKUX YUEHBIX
[xopnano bpyno u I'anuneo 'anunes, Hemenkoro Mmarematuka Moranna Kenepa
u anruiickoro ¢usuka Mcaaka Herotona. C XVI B. 10 Havana XX B. OOJBIINH-
CTBO OTKPBITUI M 3aKOHOB B 00JIaCTH €CTECTBO3HAHUS OBLIO CBA3aHO C HMEHAMHU
JTUX YYEHBIX.

[Tpumepno B cepennne XIX B. IpUMEHEHHE CIIEKTPAIBHOIO aHaNINU3a U GoTo-
rpaduy OTKPHUIO HOBBIE TOPU3OHTHI JUIsl acTpoHoMuu. [losiBrinchy Oompline BO3-
MOXHOCTH JUIsl M3yueHus: (u3nueckod mpuponsl HeOecHbIX Ted. B pesynbrare
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OBLIIM 3aJI0’KEHBI OCHOBBI HOBOM HAyKH — acmpo@u3uku, 3aHUMArOIIecs nzyde-
HUEM (DU3MUECKON MPHUPOJIbI HEOECHBIX TE U UX CHCTEM.

Ceasb acmpoHomuu ¢ Opysumu Haykamu. ACTPOHOMHUS HEPa3phIBHO CBs3aHA
CO BCEMHU JPYTMMH HayKaMu. B pa3BUTHH acTpOHOMHHM OCOOEHHO BEJIMKa POJlb
@uszuko-mamemamuyeckux HayK. B cBoro odepenp M acTpOHOMHUS B TEUCHHE I1O-
CIIEIHUX AECATWIECTUN BHOCUT CBOMMM OTKPBITHSIMM OLLyTHMBIN BKJaJ B pPa3BH-
THE ITUX HayK.

MHOXeCTBO Hel, TEOPUH M METOIUK (PU3UKO-MaTeMaTUYECKUX HayK Ipo-
XOIUT ampoOalnio B X0JA€ aCTPOHOMUYECKUX HCClieoBaHMM. B ux ymcne 3axo-
Hbl MEXaHWKH, OCHOBHBIC HJIEM TEOPUU OTHOCUTEIILHOCTH, KBAaHTOBas (pu3HKa,
CTPOEHHE aToMa, sJIEpHbIE PEAKLUH, TEOPHUH O B3aUMOJAEWCTBUM H3IIyYEHHUS U
BELIECTBA.

XUMHUYECKH cOcTaB HEOSCHBIX Tell, MOJEKYISIPHBIE COEIWHEHUs, 00pasy-
IOIIMe UX arMoc(epbl, BOMPOCH BOSHUKHOBEHUS XU3HU Ha 3eMJIe OTHOCSITCSA K
YHCITy BOIIPOCOB, MOKA3bIBAIOLINX CBSI3b ACTPOHOMHH C XuMueli U 6uonocuel.

3HauNTENbHAS YacTh 3a/1a4 B Menoo0I02UYeCKOU, MUPOBO33PEHYECKOU U KO-
Jlo2uyeckoti 00IacTAX aCTPOHOMHHU OTPaXKAeT CBSI3b ATOW HAYKU C COYUANbHBIMU T
2YMAHUMAPHLIMU HayKamu. B ICTOPUM MOKHO HAlTH MHOTO CBHJETEIILCTB TOMY,
YTO TOYHYIO JATUPOBKY HUCTOPHUYECKUX COOBITUN yHAE€TCsl YCTAaHOBUTh, OCHOBBI-
BasICh HA JATUPOBKAX aCTPOHOMUYECKHUX SBJICHHUHU, 3a()MKCUPOBAHHBIX B APEBHUX
pykonucsx. B co3zmaHuM ycOBEpLIEHCTBOBAHHBIX MPUOOPOB ISl ACTPOHOMUYE-
CKUX HCCIIEZIOBAaHUI OCOOYIO pOJIb UTPAIOT mMexHuka U paouosnekmpoHuxa. Bcé
3TO MOXET OBITh BaXXHBIM J0KAa3aTeIbCTBOM HEPa3phIBHOW CBSI3M aCTPOHOMHH C
JPYTUMH HayKaMHu.

Bomnpoce! u 3axanus

1. Kto ogHMM 13 MEpBBIX ONpEnenul, YTo 3eMJIs ABIIeTCs mapooOpa3HbIM HeOe

HBIM TeJIOM?

. K10 B 1peBHOCTH OJHMM M3 NEPBBIM CyMeEN BBIYUCIIUTD PAIUyC 3eMin?

. HazoBute nmena yuensix LlenTpanbnoit A3uu u EBporbl, BHECHINX OOJBII
BKJIaJl B Pa3BUTUE aCTPOHOMUU B CPEIHHUE BEKA.

. I'le B cpeaHue Beka Ha TeppuUTOpUM Y30eKHCTaHa HaXOAWICA LIEHTP U3y4YeH
acTpOHOMUU?

. UTo BBI 3HaeTe O CBSI3U ACTPOHOMUM C JPYyTUMH HayKaMu?



YACTH 1
I PA3JIEJI. OCHOBBI TIPAKTUYECKOW ACTPOHOMUH

TEMA 2. § 2. CyrouHoe BUAMMOE ABHKEHHE CBETHJI.
Co3Besnus

Cymounoe suoumoe osudiceHue 36€30. HaBepHOe, HET YeIIOBEKa, KOTOPHIN OBl
OCTaJICSl PaBHOAYIIHBIM K KpacoTe 0e300J1auHOTO HOYHOTO Heba, YCHITaHHOTO
MHOXECTBOM 3B€371. M XOTS Ha MEpBBIM B3IIAJ KAXKETCS, YTO 3BE3J HA BUINMOMN
HeOecHOU monrycdepe HeOe OECUNCICHHOE MHOXKECTBO, HA CAMOM JIeJie HEBOOPY-
KEHHBIM TJIA30M MOKHO yBuAeTh He Oomee 3000 3BE3n. Ecnm HOUblO HAOMIONATH
3a 3BE37[aMHU C OJTHOTO OTIPENICTICHHOTO MecTa Ha 3eMJie B TCUCHHE HECKOJIbKUX Ya-
COB, TO Oy/IeT Ka3aThCsl, UTO BCE 3BE3BI HEOCCHOW Cephl BpaIatOTCsi BOKPYT BO-
oOpakaeMol OcH, MPOXOAIIEH Yyepe3 Habmoaarenst — ocu mupa. Bo Bpemst 3Toro
BpAIICHUS KaXXJ0€ CBETUJIO MCHSCT CBOE IMOJIOKCHHE OTHOCUTEIIBHO CTOPOH TO-
pusonTa. Ilepron Takoro BUAMMOro oOpallieHus 3BE3 Ha HEOE COCTABISCT OIHM
cyTku. J{is HaOMrOMATEIIsI, CMOTPSILETO B CTOPOHY FOra, 3BE3/BI ABUKYTCS CIIEBA
HaIpaBo, T. €. B HAIIPABJICHUN YaCOBOM CTPEIIKH.

Eciu HaOmronarens OyneT cHUMaTh Ha ¢oToanmapaT CEBEPHYIO YacTh HeOa,
TO CMOXXET YBHJIETh, YTO YacTh 3BE3Jl, BOCXOAS Ha
BOCTOKE, OyZIeT 3aXOIuTh Ha 3amaje, a He3aXosIue
3BE37IbI OyAYT ONMUCHIBATH KOHIICHTPUYECKHE OKPYXK-
HOCTH (BOKPYT ONpENEIEHHON HEBUAMMOW TOUYKH).
310 00yCIIOBIEHO ABM)XEHHEM 3€MJId BOKPYT CBOEH
ocH (puc. 2).

B npeBnoctu Ha Bocroke, ans TOro 4ytoObl Opu-
E€HTUPOBAThCS 1O 3BE3MHOMY HEOy, Joau OO0Bemu-
HWIM SPKHUE 3BE3/BI B OTACIBHBIC TPYMIBI, KOTOPHIC
Ha3BaU co3ee30usmu. CO3BE3IUsAM J1aBalIUCh Ha3Ba-
HUS )KUBOTHBIX WM MUpUIecKuX cymiecTB (bonpmas

Puc. 2. Bugumoe cytouHoe

BpaleHue 38e3/1 Bokpyr [lo-
nspHOit 3Be3bl (o canv-  Measenuua, Jlebens, Jles, Kur, Jipakon), repoes rpe-

KaM, Clle/laHHbIM B Teuenne J€CKUX MuGoB (Kaccuones, Amapomena, Ilerac u

HECKOJIBKUX 4aCOB (I)OTO- T. ,Z[.). Ecnu co3Be3gue OBLIO TTOXOKE HAa reomMeTpuyc-

KaMepOH, HalpaBJIeHHON Ha CKYIO (UTYpy WIH MPEIMET, TO €r0 TaK W Ha3bIBAJIU
[Tomtoc mupa). (Tpeyronsuuk, Becsl, Kot u 1. 1.).



B nacrosimee Bpems HeOecHas cdepa yCIOBHO paszzenieHa Ha 88 yacteid, uiau
co3Be3nui. SIpkue 3BE3/1bI, BXOJSIINE B ONPEACIEHHBIE CO3BE3IMS, CIYKaT XOPO-
[IMM OPUEHTUPOM JUIsl OTPEICIICHUs TIOJI0KEHHSI TYCKIIBIX 3BE3/1, BXOJSAIIMX B ATO
WM B COCE/IHEE CO3BE3IHeE.

Jlis TOro 4yTOOB!I JIETKO HAXOIUTh HA HEOe OomnpeeIEHHbIE CO3BE3ANUS MU 3BE3-
JIbl, HEOOXO/IMMO XOPOLIO W3YyYUTh 3BE3/IHBIE KAPTHI U aTjachl U MPAKTUKOBATHCS C
UX ITOMOIIBIO.

Buoumoe cymounoe osuscenue Connya, JIynvl u nianem Takxe MPOUCXOANT B
HalpaBJIEHUU C BOCTOKA Ha 3amaj, HO, B OTJIMYHME OT 3BE3[, UX TOUYKH BOCXOJa U
3ax0/la ¥ MaKCHMaJbHasi BBICOTa MEHSIOT CBOE IMOJIOKEHUE JICHb OTO JHS.

B wactHoctn, B HaBpy3 (21 mapra) CosHile BOCXOIUT B TOYHOCTH B TOYKE
Bocroka u 3axonuT B Touke 3amana, HO 3aTeM €ro TOYKH BOCXOZAA M 3aX0/ia CIIBU-
ralTcsl K ceBepy. JTO MOJIOKEHHE COXpaHSeTcsl 10 22 WIOHA, 3aT€M TOYKHU BOC-
X0/la M 3aX0Jla HAYMHAIOT cIBUrarhbcs K rory. B aror nmepuon Bbicota ConHua B
HOJIZICHb [TOHM)KAETCA, MPOIOJKUTEIIBHOCTD JIHSA YMEHBIIAETCS, & MPOJIOJIKUTEIb-
HOCTbh HOYM YBEJINYMBACTCS.

CnyTHuk Hamiel niaHeTs! JIyHa Takke ydacTBYET B 8UOUMOM CYMOYHOM O8U-
Jrcenuu, TBUTASICh C BOCTOKA Ha 3amaj BMecTe co 3BE3mamu. Ho ecnu monalbimio-
Jath 3a nBUKeHHueM JIyHbI B T€UEHHE HECKOJIbKUX JIHEH, TO MO)KHO OOHApPYKUThH
ucmunnoe osudcenue Jlynel Bokpyr 3emin. Ha done 3BE€3n Jlyna cnBuraercs c
3arajia Ha BOCTOK 3a Ka)Jble CyTKH IpUMeEpHO Ha 13°, coBepiiasi HOJHBIA 000pOT
BOKpYT 3emiiu 3a 27,32 CyTOK.

B pesynerare cucremarnueckoro HaOmrogeHuss 3a CoJHIEM B TeYeHUE
HECKOJIbKMX MECAILIEB MOXXHO OOHapyxuThb, yTo ConHIe Takxe, nogodHo Jlyne,
JIBUKETCS C 3arajia Ha BOCTOK. Takoe guoumoe ogusicernue COIHIA 110 CPAaBHEHUIO
¢ JlyHolt HAMHOTO MeHbIlIe, U MOJHBIM 000POT COBEpIIAETCS OJUH pa3 B Tof. IDTO
00yCIIOBIIEHO UCTUHHBIM FOAMYHBIM JBM>KeHHEM 3eMiid BokpyT CofHIa.

§ 3. loxa3aresibcTBa BpalueHus 3eMJIu
BOKPYT cBoeii ocu *. MassiTHuk ®yko

BuaumarenpHO HaOMIOMAs 32 HOYHBIM HEOOM B TEUCHHE HECKOJIBKUX MHUHYT, C
MIOMOIIIbI0 HECIIOKHBIX BBIYUCIICHUA MOXXHO OOHApY>KHUTbh, YTO 3BE3IBI TEpeMe-
IIAI0TCS ¢ BOCTOKA Ha 3araji co ckopocThio 15°/4. Ecnu pasoerums 360° na 15°,
noayuum 24 (uaca). Takum 0o0pa3oM, BUAMMOE JBMIKEHUE 3BE3 BOKPYT 3eMIIU
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IIPOMCXOJUT C MEPUOAOM B 24 yaca, 4TO cO-
OTBETCTBYET NEPHUOAY BpalLlEHUsT 3€MJIU BO-
KpyT CBO€H OCH B HallpaBJIEHUM C 3amaja Ha
BOCTOK. Bpanienue 3emiin BOKpyT OCH JOKa-
3bIBACTCS CIEAYIOIIUMU SKCIIEPUMEHTAMHU.
ITogBecum Hax OOHUM M3 HOIIOCOB 3eM-
U MasATHUK, 3aMEHUB TPy3 HaIOJHEHHBIM
IIECKOM COCY/IOM, B JIHUIIIE KOTOPOTO Tpojie-
JIAHO MaJIEHbKOE OTBEPCTHE (TAKOM MasTHUK
HasblBaeTcs Mmasmuukom Dyko). llpunas
eMy KosebarenbHOe IBW)KEHUE, 3aMETHM,

f YTO IUIOCKOCTh KOJIEOaHUI MasiTHUKA, COXpa-
Eﬂ- — g SR L 9
e — e — o
_— C——? HSISl HEMOJIBUKHOCTb OTHOCHUTENIBHO 3BE3,
— T QOymeT BpamaThCs OTHOCHUTENBHO TOBEPX-
Puc. 3. I[eMOHCTpaHI/ISI BpalEHUS HOCTH 3eMId II0 HaITpaBJICHUIO 4acoBOM
3eMJIi BOKPYT CBOCH OCH MpH CTPEJIKH, M IECOK, BBICHIMAIOIIMICI U3 CO-
oMoy MasiTHuka Oyxo. Cy/la, TOKPOET PaBHOMEPHBIM CIIOEM BHY-

TPEHHOCTH JABYX KPYIOBBIX CEKTOPOB C BEp-
TUKAJIBHBIMHM YIJIAMU NIPU BEPIIMHAX. JTO JOKA3bIBAET BPALLEHUE 3€MIIM BOKPYT
cBoell ocu. Masatauk dyko, ¢ IIMHONW HUTH nozBeca 60 M yCTaHOBJIEH B MApHK-
ckoM [lanTeone. Bpamenue miockocTu ero koje6aHuil HaIVISIAHO JEMOHCTPUPYET
BpaleHne 3eMiii BOKpYr cBoeit ocu (puc. 3). [loaToMy kamMeHb, OTIYIICHHBIN C
ONpeAesIEHHON BBICOTHI, MAJIAET HA 3€MJII0 HE MO PaJnyCy 3€MJIU, a C HEKOTOPhIM
CIABUIOM K BOCTOKY. [IpoBEn€HHBIN 3KCIIEPUMEHT J0Ka3bIBa€T BpallleHHE 3eMIIN
BOKPYT CBOEH OCH.

§ 4. Hebecnas cdepa, eé 0OCHOBHBIE TOYKHU, KPYTU ¥ JIUHUH

JUis u3ydeHus: BUMMBIX MOJOKEHUN U IBUKEHUN HEOECHBIX TeJ HEOOX0IUMO
OTIPENIENTh WX MECTOMOJIOKEHUE Ha MOMEHT HaOmoneHus. Her HeoOXxomumocTu
OTIPENENSITh PACCTOSHUS 10 HUX, JOCTATOUYHBIM OyHET OINpENeICHUE TTOJIIOKEHHS
CBETHJI IO OTHOIIEHUIO K M3BECTHBIM HarpaBieHUs M. /[ n3ydeHus BUIMMBIX
MOJIO)KEHUH U IBUKEHUHM CBETWJI Ha MOBEPXHOCTU HEOECHOM chepbl ONpeaestoT-
Csl TOYKHU, TMHUM U OKPY>KHOCTH, CIIy’Kalllie JUIsl COOTBETCTBYIOLLUX U3MEPEHH.
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Hebecnoii cghepoti HazpIBaeTCs BooOpaxkae-
Masi cdepa MPOU3BOJIBLHOTO pajauyca, LEHTP
KOTOpOH — m1a3 HaOmroaTesns, Ha BHYTPEHHEH
MOBEPXHOCTH HEOECHOM cdephl CBETHIIA HAXO-
JIATCSI B TAKOM >K€ B3aMMHOM PACIIOJIOKEHUH, B
KaKOM peajibHble CBETHJIa HaxoAATCs Ha Hebe
B MOMEHT HAOIIOACHUS.

BeprukanpHas mnpsmasi, Tpoxoasiias U3
IeHTpa HeOecHOU cdepsl uepe3 HabmomaTens,
Ha3bIBACTCSl BEPTUKAJIbHOW JnHUEH. OHa Tie-
pecekaeT HeOecHylO cdepy B JBYX TOYKax:
B 3eHUTE (Z), HAXOAAIIEMCsl HaJ| rojOBOM Ha-
Omonarens, U B Hagupe (Z') — Touke, Auame-  Puc. 4. OCHOBHBIE TOUKH, JTUHUH
TpaJbHO MIPOTUBOIIOIOKHOMN 3eHUTY (puc. 4). U KpyTH HEOECHOM cephl.

Bonbmioit kpyr HeGecHoil cdepsbl, MI0-

CKOCTb KOTOPOTO MEPIEHINKYISIPHA 8epMUKANbHOU JTUHUU, HA3BIBAETCS Mamema-
muyeckum 2opuzonmom. bonbime kpyru HeOecHOUM cdepbl, IPOXOJAIINe uepes3
3€HUT M HAJHUpP, HA3BIBAIOTCA @epmuxanioHbiMu Kpyeamu. Ecnu Habmonarenb, Ha-

XOMSAIIMNCSA Ha MOBEPXHOCTH 3EMIIM, USMEHUM C80€ NONOMCEeHUe, TO NOJoNCeHUe
u3MeHsm M ce PaCCMOTPEHHBIE BBIIIE TOUYKH U JTMHHH.

Ho na moBepxHOCTH 3eMJIM €CTh TOYKU W JIMHUHU, KOTOPbIE HE MEHSIOT CBOE-
O TIOJIOXKEHUS B 3aBUCMOCTH OT U3MEHEHUS TOJOKEHUs Habirooamens. K Takum
TOYKAM W JIUHUSIM OTHOCSATCS HOMIOC MUPA, OCb MUPA, HeOEeCHblll IK8AMop.

Touku mepecedeHus JIMHUM OCH 3eMJIU ¢ HeOeCHOM cdepoll Ha3hIBAKOTCS 1O-
mocamu mupa. Touka mepecedeHus: HEOECHON cdepbl ¢ MPOMOIKSHUEM JHMHHUU
ceBepHOro mnostoca 3emin HaszbiBaeTcsa CegepHuim noarocom mupa P, Touka me-
pecedeHuss HeOECHOUM cdephl ¢ MPOAOIDKEHHEM JMHHH FOKHOTO TONIOCA 3eMITH
HasbiBaeTCsl FOxucHbim nonocom mupa P'. Ock, coequusionias mojica MUpa, Ha-
3BIBACTCS OCbI0 Mupa. BonbInoil Kpyr HeOeCHOH cdephl, TepNeHANKYISPHBIA OCH
MUpa, HA3BIBACTCA HeDeCHbiM 9Kkeéamopom. HeOecHBI SKBAaTOp JIEKUT B OIHOM
IUIOCKOCTH C 3€MHBIM JKBAaTOpoM. Maible Kpyrd HeOecHOW cgephl, MIOCKOCTH
KOTOPBIX MapajuIeibHBI MIIOCKOCTH HEOECHOTO KBAaTOpa, HA3BIBAIOTCS CYMOYHbI-
mu napannensmu. bonpime kpyru HeOecHOW cepbl, MPOXOIAIINE Yepe3 MOI0ca
MUpAa, Ha3bIBAIOTCS KPY2dMU CKAOHEHUSL.



Bonbmioit kpyr HebecHOM cdepsl, MIOCKOCTh KOTOPOrO MPOXOJUT Yepes3 IMo-
JFOCa MHpa, 3€HUT U HAJHWp Ha3bIBaeTCsl Hebechvim mepuduarnom. HebecHblid Me-
pHUIIMaH MEepeceKaeTcs ¢ MaTeMaTHYECKUM TOPU30HTOM B JIByX TOYKaX: B MOYKe
Cesepa (N, xoTopasi 6ImXKe K CEBEpHOMY IOJIIOCY), U B mouke FOza (S, koTopas
Ommke K IKHOMY Toitocy). HeGecHblli 3KBaTOp Iepecekaercs ¢ mMareMaTHue-
CKMM TOPH30HTOM B JIByX TOYKax: B mouke Bocmoxka (E) u B mouxe 3anada (W).
[TnockocTh HEOECHOTO MepUaUaHa U TUIOCKOCTh MareMaTH4YeCKOrO TOPU30HTA TIe-
peceKarTCs 10 MPSMOI JIMHUU, KOTOPAasi HA3bIBACTCSI 1Oy OeHHOU TUHUELL.

§ 5. Bugumoe ronnuHoe aBukeHue CoHIA. JKIUNTHKA

Bunumoe Ha Qone 3BE3 IBMKEHHME COJHIIA M3BECTHO C JaBHUX BPEMEH. JTO
nepeMelienue paBHo npumMepHo 1° B cytku. Bunumsiii myts ConHua — 310 6071b-
oW Kpyr HeOecHOU cepbl, KOTOPBIHA HA3BIBAETCS IKIunmukol. Ecivu B TedeHue
rojla CUCTEMaTU4ECKH, CTOSI B ONPENEIEHHOM MECTE B MOJIJEHb, U3MEPSITh PACCTO-
saHue CONHIA OT 3€HUTA, TO MOXKHO OIPENEIUTh HAKIOHEHUE SKIMITUKU K He-
OecHOMY 3KBaTopy moj yrioMm ot +23°26' no —23°26'. OTciona ciemyer, 4To Iio-
CKOCTh 3€MHOW OpOWTHI HAKJIOHEHA K IJIOCKOCTH HEOECHOTO HKBATOPA MO YIIIOM
€=23°26" (puc. 5). UeTblpe OCHOBHBIX TOUKHU SKIUNTUKU: JBE TOUKU MEPECCUCHUS
SKJIMIITUKA C HEOECHBIM HKBAaTOPOM, JBE TOUYKH HAUOOJBIIETO OTKJIOHEHUS OT He-
OecHoro okBaropa. OmHa W3 TOYEK mepecede-
HUSl SKJIMIOTHKU C HEOECHBIM 3KBATOPOM (KOrnaa
ConnHie mnepecekaeT HEOECHBIM SKBaTop, Mepe-
X0/l U3 KXKHOTO NoJymapusi HebecHoM cepsl B
CEBEPHOE) HA3BIBACTCS MOUKOU 8ECEHHE20 PABHO-
oencmeus (), Connue npoxoaut yepes Heé 21
MapTta. J[mameTpasbHO MPOTHUBOMOJOXKHAS TOUYKA
Ha SKJIMIITUKE HA3bIBACTCS MOUKOU OCEHHe20 pas-
Hooencmeusi (£2). CollHIIE TPOXOAUT HYepe3 ITY
TOYKy 23 ceHTsA0ps. 22 WIOHS B MOJJEHb CKIIO-
Henue ConHia cocrasnser (+23°26") u HaxoauT-
cs B TOYKE JKIMNTHKU (& ), Ha3bIBAEMOM mou-
Kol JlemHe20 conHyecmosanus. A 22 nexalbpsi ero

Puc. 5. Bugumoe romgosoe
nBokende ConHIa. DKIUNTHKA

(& — yron Mexay MmiaoCKOCTsI-
MH SKIAITHKA 1 Hebecnoro  CKJIoHeHHe (-23°26") 1 HaXOIUTCs B TOUKE DKIIHII-

5KBATOpA). KU (&), Ha3pIBAEMOM TOYKOM 3UMHETO COJTHIIE-
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crostHus (puc. 5). ConHIle B CBOEM TOJUYHOM JIBH-
KEHUHM TPOXOIUT Yepe3 CO3Be3/aus, 00paszyrolue
MosIC 307MaKa, KOTOpPbIM BKJIIOYaeT 12 301uakaib-
HBIX co3Be3auil. [IpuBeneM ux B mopsike, COOTBET-
cTBytoueM npxenuto Connua: Osen, Teney, bausz-
neywvl. Paxk, Jles, /[esa, Becwi, Ckxopnuon, Cmpeney,
Koszepoe, Boooneti, Pviovr (puc. 6). I[lockonbky Bu-
quMoe roaudHoe JBrokeHre CoJHIa (IKIIMITHKA)
€CTh OTPaXKCHHE WCTUHHOTO JBMIKEHHUS 3E€MJIH BO-
kpyr CosHIa, TO TNIOCKOCTh OpOUTHI 3€MJIM COBIIA-
JJaeT C IIOCKOCThIO AKIHMITHKU. ClienoBaTelnbHoO, Puc. 6. Cosesnus,
IIOCKOCTh 36MHOI OpOUTHI HAKIIOHEHA K TLUIOCKOC- Haxopimuecs Ha

TH HeOECHOTO DKBATOPa TAKKE MO yrioMm 23°26/. IKITITIECCKOM TIOCKOCTH —
30AUKaJIbHas 30HA.

Bonpocs u 3axanus

—_—

B uém npuumHa 1BUOKEHUS 3BE3AHOTO Heba ¢ BOCTOKA Ha 3amana’?
JlecTBUTENbHBIM WM KaxyluuMmcs siBisiercst ABumxkeHue CosHua u JIyHbI B
Kpyr 3emiin ¢ BOCTOKa Ha 3anan?

YeMm noka3biBaeTCs BpallleHUe 3eMJIU BOKPYT CBOeM ocu?

[Tokaxkxute ToUKH, TUHUHU, KPYTH HEOECHOM cephl Ha Moziean HeOecHOM chephb
[log kakuM YIJI0M HAKJIOHEHA TUIOCKOCTh JKJIMIITHKH K IUIOCKOCTH HEOECHO
9KBaTopa?

6. Onpenenute OCHOBHbIE TOUKH SKJIMITUKU (TOYKH BECEHHETO U OCEHHETO pPaBH
JEHCTBHS M TOUKH 3UMHETO U JIETHETO COJTHUECTOSHUS).

-

S g o

TEMA 3. § 6. HeOecHble KOOPAUHATHI

[Tpu n3yyeHnn HeOECHBIX KOOPIMHAT HEOOXOIMMO BCIIOMHUTh 3HAKOMYIO HaM
U3 Kypca reorpauu TOYKYy ME€peceueHHs 3KBaTopa ¢ MEPUANAHOM, HPOXOISALINM
yepe3 ropon ['puaBuu (BenukoOpuTaHus), CYMTAIONIYIOCS TOYKOW OTCUETa ISt
OTIpe/IeNIeHUs] KOOPIMHAT HACENEHHBIX MYHKTOB (puc. 7). BCHOMHUM KOOpIWHATHI
TamkeHTa — reorpaduyecKyro IOITOTY — Ar U MUPOTY — @r. [lonoxenune Hebec-
HBIX TeJl B CHCTEME HKBAaTOPUAJIBHBIX KOOPAMHAT OIPEICIIAIOT C IMOMOIIBIO JABYX
KOOPJIMHAT: TIPSIMOTO BOCXOXKIEHUS 0. (abda) 1 CKIOHEHUs O ([1ebTa).
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[lo ompeneneHuto, HayajqIoOM KOOPAMHAT YCJIOBHO MPHUHATO CUUTATh OHY W3
TOYEK MEPECEUCHUS IKIUNTUKU C HeOeCHbIM IK8AMOpoM — TOUKY 8eCeHHe20 PaB-
nozpenctsus Y’ (puc. 8 a, 6).

Jis onpeneneHust npsamoco 60cxodcoenus 0. cBeTusia M HaxonuM cHayajia
touky K mepecedeHus HeOECHOTO SKBaTOpa C IMIOCKOCTHIO KPyra CKIOHEHHS CBe-
THJIA, TIPOXO/ISIIETO Yepe3 MOMIOCHl MUPA U TOYKY BECEHHEro paBHOaeHCTBUS Y.
3areM OTCUMTHIBAETCS Yrojl 0. OT TOYKU BECEHHETO PaBHOJACHCTBUS J0 TOUKU K
NePEeCeUeHUs] Kpyra CKJIOHEHUS, TIPOXOIAIIETO Yepe3 CBeTUIo M, ¢ HeOeCHBIM JK-
BATOPOM. JTa jyra u3MepsieTcsi neHTpaabHbIM yriioM £’ OK, mpoBeAE¢HHBIM U3
nentpa cdeper O, T.e. o="YK.

Bropoii koopanHaToil cBeTHia M sBisiercs: ckioHeHue & — ayra (KM), coe-
JuHsoIas Touky K Ha Kpyre CKJIOHEHHs co cBeTWiioM M. OHa u3MepsieTcs 1eH-
TpaJbHBIM YIJIOM, ONUPAIOLIUMCS Ha Hee, T. €. 0=ZKOM.

[IpsiMble BOCXOXKJIEHUSI OTCUMTBIBAIOTCSI B CTOPOHY, MPOTHUBOIOJIOXKHYIO CY-
TOYHOMY BpAILEHUIO HeOeCHOU cdephl B yacax, MUHYTaxX U cekyHjax oT 0 yacoB
10 24. CkioHeHue CBeTUJ OTcuuThiBaeTcs B npezaenax oT 0 qo £90° (munyc s
CBETHUJIA, HAXOSIIETOCS B 10M#CHOM NOLYWApuU) B Tpaaycax, MUHyTaxX M CEKyHAax
nyru. IIpu cocraBieHnn 3BE3HBIX KapT UCMONb3YIOT MMEHHO 3T KOOPIUHATHI.

Emé omHoil koopauHATON CBETHJIA B DKBAaTOPUATBHONU CUCTEME KOOPAMHAT SIB-
nsieTcst uacosoil yeon (f). D10 myra HeGecHoro skBaropa OK, OT TOUKH IHepecede-
HUS HEOECHOTO SKBaTOpa € I0KHOW 4acTbhio HeOeCHOro mepuauaHa () 10 TOYKU
nepeceueHuss K Kpyra CKIOHEHUs ¢ 3KBaTopoM. M3mepsieTcs eHTpaibHbIM YITIOM
ZQOK (puc. 8 a, 6). YUacoBoii yron usmepsieTcs B 4yacax, MUHYTaX U CEKyHJax B

. HeOECHBIN

Puc. 7. Teorpaduueckas
CHCTEMa KOODP/IMHAT.

Puc. 8. DxBaropuanbHble CUCTEMbI KOOPIUHAT.
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npenenax or 0 1o +12 yacoB (MUHYC Al U3MEPEHUs B HANpPaBICHUU, IPOTHUBO-
MOJIOKHOM CYTOYHOMY BpaIlleHHIO c(ephl, T. €. K BOCTOKY) WJIM MHOT/A B TIpeJie-
nax ot 0 yacoB a0 24 yacos. [y nepexosia OT 4acOBOIO M3MEPEHUS B Yacax, MU-
HYTaX U CEKYHJaxX K IpaJlyCHOMy U3MEPEHHIO B Ipajycax, MUHYTax U CEeKyHAax
MOJIB3YIOTCS CIEAYIONIeH TaOIuIe:

Tabnuya 1
I'panycnas mepa nyru 360° 15° 1° 15’ Iy 15"
YacoBast Mmepa ayru 24h L 4m flm= 4s Ik

§ 7. 3Bé3nHbIe KAPTHI

3BE3/IHBIE KapThl, MOAOOHO reorpauuecKum, CTPOSTCS MOCPEICTBOM MPOCIIU-
pPOBaHMsI COOTBETCTBYIOIIEH 4acTu HeOecHOW cdepbl Ha IMmiIockocTh. [logoOHas
KapTa MpuBeJeHa Ha puc. 9.

Ha Helt npavoe 6ocxoocoenue o u ckionenue & ceemuna OTKIAABIBAIOTCS Ha
JBYX B3aWMHO TMEPHEHANKYISIPHBIX ocsix. Ock abcuucc B paccMaTpuBaeMoOW CH-
CTEME KOOPJIMHAT COOTBETCTBYET HEOECHOMY AKBATOPY M CIIY)KHT JIJIsi OTpereIie-
HUS TPSMOTO BOCXOXKJEHHUA 0 cBeTuia. OCh OpJMHAT CIY>KUT ISl ONpPEACIICHUS
JPYTrOil KOOpAWHATHI CBETHUJIA — CKJIOHEHHUs O. [ Toro utoObl ompenenuTh Ko-
OpIMHAThl IPUBEICHHON HA KapTe 3BE3MbI, U3 TOUYKU M, COOTBETCTBYIOIIEH ITOU
3BE3/Ie, OMYCKAIOT MEPIICHIUKYIISP HA JIMHHIO, BBIPAKAIOIIYI0 HEOSCHBIM SKBATOP
(och abcnumcc). KoopnuHata TOYKH MEpeceYeHHs] ATOTO MEePIEHANKYISIPA ¢ OChIO
a0CIHCC OMPEACIUT MPSMOE BOCXOXKICHUE

3BE3/I6I, @ IMEHHO JUTMHY IyT'H HEOCCHOTO & £ "‘, i P +45°
OKBATOPA OT TOYKM BECCHHETO PAaBHOICH- | ,,_'-pa e = Jict_“ '&ée; 4300
CTBUS IO KPYra CKIOHGHHS, HPOXONSIIE-  mr— i i =~ +15°
ro uepe3 3Be3ny M. CKIOHEHUE 3BE3Ibl : - -" S .Bc'ﬁ[- " ﬁﬁ 0°
OIIPEJICIISICTCS 10 TOYKE MEePECeUeHHs mpsi- = e T LU I S
MOif, COOTBETCTBYIOIIIEH CYTOYHOMN Hapas- i fﬂ =k {300
NMemu 3Be3bl (HA KApTe TOPM3OHTATbHAM otigreast ol 2. o] 1 450

npsamas) ¢ ocklo O. Torma KoopaMHaThl —Qh 8 6" 4h 2h  (n o
n300pakeHHOW Ha KapTe 3Be3Abl M OyayT

cenyronmmu: o < 4135m, § = + 16°, 278, &s SIS Ea e
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§ 8. Bugumbie 3B€31HbIE BEJIUYMHBI *

3BE3/BI ABISIOTCS OAHUMH W3 HauOoJee pacipoCTPAaHEHHBIX BUIMMBIX 0ObEK-
ToB BO Bcenennoii. [loaromy m3yueHue ux (Qu3n4eckoil MPHUPOJBI SBISETCS O-
HUM 13 HanboJiee BaKHBIX BOIIPOCOB B aCTPOHOMHHU.

Jlyist Toro 4T0OBI CpaBHUBATH BUAMMBIC SIPKOCTH 3BE3] (cTereHu Onecka), BBO-
JUTCSl TIOHATHE 3BE3MHON BENWYUHBL. TepMHH 36€30Has 6equduHa CITY)KUT IS
OIIEHKM MHTEHCHUBHOCTH €€ MOTOKa W3JIy4YeHUSs, JOXOMSIIEro 10 3€MJIU, KOTOPbII
COCTaBJISIET HUUTOXKHYIO 9acTh OOIIETO M3TyYCHHSI 3BE3/IbI.

N3BecTHO, 4TO MHTEHCMBHOCTH BUJIUMOIO HM3ITYyUYEHHS] CBETHJI OMPECseTCS
CO3/1aBaeMON UMHU OCBEWEHHOCMbIO TIPUEMHUKOB W3NTydeHus (171a3a, (OTOIUICH-
Ka, (DOTOANEeMEHTHI U T. 11.). B acTpoHOMUH, B OTJIMYHE OT (DU3UKHU, OCBEIICHHOCTb,
co3/1aBaeMasi CBETUJIOM, BBIPAXAETCA HE B €AMHUIIAX OCBEHIEHHOCTU (JIIOKCax), a
B OTHOCHTEJIBHBIX €IMHUIAX, HA3BIBAEMBIX 38€30HbIMU GenuduHamu (0003HadaeT-
cs m). DTO CBSA3aHO C TE€M, YTO IVIa3 YEJIOBEKa BOCIPUHUMAET HE aOCOMIOTHYIO, a
OTHOCHUTEJIbHYIO Pa3HUILY B OCBEIIEHHOCTH.

[[kana 3BE3AHBIX BEJIMYUH M BBIPAXKAETCA B MOCIEI0BATEILHOCTH M. ... —5™,
—4m —3m__Dm _]m Qm_ [m 2m 3m 4m Sm ¢ yBeIUYEHHUEM KOTOPON MHTEHCHB-
HOCTb (CBEUEHHUE) 3BE3/1bI K 3eMJIe YMEHbIIAETCS.

CoBpemeHHas 1IKaia 3BE3MHBIX BeMMUMH OepéT Hauyano B [IpesHeil ['perum.
E€ npennoxun Bo Il Beke 1o H.3. ['unmnapx, pasnenus 3BE3/bl, BUIUMBIE HEBOOPY-
KEHHBIM IJ1a30M, IO IIecTH BeandruHaMm. COmIacHO ero miKajie 3BE3/bI, OTINYal0-
HIMecss Ha OJHY 3BE3AHYIO BEJIUYMHY, [0 CBEUEHHUIO OTIMYAIOTCA APYr OT JApyra
IIPUMEPHO B 2,5 pa3sa.

B Hacrosmiee Bpems MpUHIT HAyYHBIH CIOCOO OmMpeeNeHNs BEeTUIUHBI 3BE3I,
¢ y4€TOM NCUXO(PHU3NOIOTUYECKUX 3aKOHOB YYBCTBUTEIBHOCTH YEJIOBEYECKOTO
ria3a. Korma 6butn pazpaboTansl ToUuHbIE (DOTOMETPHUECKUE CIIOCOOBI U3MEpEHUs
SAPKOCTH 3BE3J, OKA3aJIOCh, YTO OTHOLIEHHE OJiecka 3BE3Nl MEPBOM BEIMYMHBI K
Onecky 3BE37 mecToi BenuuuHbl paBHO npumepHo 100. Ho 310 oTHOIEHUE cooT-
BETCTBYET MHTEPBAITY B 5 3BE3IHBIX BEIMYHH, CJICAOBATEIBHO, OTHOIICHHE OecKka

3BE3/, OTVIMYAIOIIMXCSA HA OAHY 3BE3NHYIO BEJIUYHHY, PABHO 100 =2,512. Jleu-
CTBUTEJIBHO, €CIIM 3BE3/IHBIC BEIIMYMHBI JIBYX 3BE3]] COOTBETCTBEHHO PAaBHBI 71
U My, a UX Pa3HOCTb m,—m; =35, TOrAAa CO3aBa€Mble UMU OCBEIIEHHOCTH COOT-
BETCTBEHHO paBHbBI £ U E,, cienoBarenbHo ux otHomeHue £,=100E,, T. e. Oyaer
YMECTHO CJIEYIOIee PaBEHCTBO:
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Jlorapugmupys 00e 4acTu 3TOT0 ypaBHEHHUS, TTOTyYaeM:

lg£=(mz—m1) 0,4
EZ
OT0 BBIpAXKEHHE HA3bIBaeTCS popmynon Iloecona.

CrnenoBaTeNbHO, IIKAIOW 3BE3MHON BEIMYMHBI HA3bIBAIOT JIOTApU(PMHUECKYIO
KAy CPaBHEHUS! BUJIMMOI'O CBEUEHUSI CBETHJI.

UYenoBek ¢ HOPMAJIBHBIM 3pEHUEM BUIUT HEBOOPYKEHHBIM ITIa30M 3BE3[BI 110
6-11 3BEé3mHOM BenmuumHbL. [IpuBeeM 3BE3THBIC BEIMUMHBI HAanOoJee IPKUX 3BE3,
rmaHeT u Connia: Bera (camas sipkasi 38e31a B co3Besnuu Jluper) +0,04™, Benepa
(B HamOobIIEeH 310Hranumn) —4,4™, Jlyna (B nonnonynue) —12,5™, Connue —26,7™.
HaunbGonee cnabbie 3BE3bI, KOTOPbIE MOXKHO YBHJIETh B CaMble MOIIHBIC 3€MHbIE
TEJECKOIbl MMEIOT 3BE3JIHYIO0 BEJIMYUHY NpuUMepHO +24m-++25m CoBpeMeHHbIE
TEJECKOIbl MOTYT YBHUJIETh 3BE3/IbI, cBeueHHe KoTopbiX B 100 MiiH pa3 crnabee cBe-
YEeHUS 3BE3/1, BUIUMBIX [JIA30M.

Bomnpocol u 3axanus

I. Kakum nuHusiM HeOecHOW cQepbl COOTBETCTBYIOT BEPTUKAJIbHBIC NMPSIMBIE

JAHHOU BBbIIIE 3BE3AHON KapTe? A rOpU30HTAIbHbBIE IPSIMBIE 3TOM KapThl?

. O0BsicHUTE O cxeme, KakuM 00pa3oM ONpeneNsioTcs o ¥ O SKBaTOpUaIbHb
KOOpJMHAT CBETHJI Ha KapTe.

. Y0 3a KOOpAMHATa 4acOBOM yroi (f) U Kak OH u3Mepsiercs?

. Kak HaswiBaeTcs CBS3b MCKIY a0COTFOTHBIMH 3Bé3I[HI>IMI/I BCIIMYMHaAMU U CBET
MOCTSIMU 3BE31?

. O6msicauTe Gopmymy Ilorcona.

TEMA 4. § 9. Cea3p Mexnay BoicoTol Ilomroca mupa n
reorpapuyeckoi IUPOTOM MecTa HAOIIOACHUS

C mo0oit Touku 3emHOro mapa Bbicota /4, [lonmoca Mupa Haa maremaruye-
CKHUM TFOPU30HTOM BCErJla paBHa reorpaduyeckoi MupoTe ¢ MecTa HabIroIeHusI.
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7 DTO yTBEpXkKACHUE IOKA3bIBACTCS CIIEIY-

p _AicbecHblit 7S » IOIUM 00pa3oM: Kak BUIHO U3 pucynxa 10,

% . KON pacCTOSHHME OT 3eHUTa [0 HEOECHOTO JKBa-

@% ® 06&0‘29@% TOpa, U3MEPEHHOE 110 HEOECHOMY MEpPHIM-

AR any, paBuo ZQ. Eciau Habnromarens Haxo-

N rena oy |0 9?‘)§’ autes B Touke O, reorpaduueckas MHpoTa
=)

N THUECKOTO [ 7 ¢ MecTa ero HaOJNIOCHWS paBHA [UIMHE Iyr'H

TOPH3OHT gO =, To, KaK BHIHO U3 YepTexka, OHA PaB-

BeMIIs Ha UeHTpajlbHOMY yriy (£LQO0Z). Conpuka-

caromuiics ¢ ayrod NP, XapakTepusyrouien

BbicoTy [lomoca mupa yron NOP u yron

QOZ wvMerT B3aUMHO NEPIEHIUKYISpPHbIE

e, AL Clsness visauny SAGGIOL croponsl. Torma ONLOZ u OPL1OQ. U3

R nceuiece TE€OMETPUHM H3BECTHO, 4YTO OJHOMMEHHBIC
HaOMoIeHuS.

YIIIBI CO B3aUMHO TMEPIEHANKYISIPHBIMU CTO-

poHamu paBHbl ZNOP=/Q0Z. CnenoBarenbuo, ZNOP=h, ZQOZ=¢, oTkyna
U CJenyeT, 4to h,= Q.

§ 10. Bugumoe cyTouHoe BpanieHue HeOecHOi cdepbl
HA pPa3jJIM4YHbIX reorpaguyecKux MMUPOTAX

Buoumoe cymounoe epawenue neGecHor cdepbl — SBICHHE, KOTOPOE Mpe/-
CTaBIsieT cOOOH CciencTBHE CYTOYHOTO BpamieHus 3emiu. [loatomy HETpymaHO
MOHATH, YTO B MECTaX C Pa3IUYHBIMHU TeorpapuuecKUMU MIHUPOTAMHU KaxkyIIeecs
JBUKEHHE HEOECHBIX CBETHJI MO HeOecHOU cdepe OyaeT BBINIANETh MO-Pa3HOMY.
OOmyro KapTUHY ITHX SIBJICHHH MOXKHO TOHSTH, BBISICHHB, KaKUM OyleT Tpen-
CTaBIIATHCS CYTOYHOE BpalleHrne HeOeCHON c(hephl B TPEX TOYKAX 3€MHOM MOBEPX-
HOCTH C Pa3INYHBIMU T€OrpapuuecKuMu MIMPOTAMHU.

IepBbrii cayyaii. [lyctp HaOmomarenh HAXOIUTCA Ha 3EMHOM DJKBaToOpe
(p=0°). Torna, cornacuo dhopmyne 4, =@= 0, BeicoTa [Tomtoca mupa pasna 0, T. e.
nosroca mupa (PP') nexxar Ha MaTeMaTUYeKoM TOPU30HTE, & OCh MHpa COBIAJIAET
C MONYIeHHOU uHuewn (puc. 11, a).

B sToM ciryyae HeOGecHBIN SKBAaTOp MEPIEHIMKYISIPEH MAaTeMaTHUYEeCKOMY TO-
PHU30HTY W TPOXOIUT uepe3 3¢HUT W Hamup. CyTouHbIC JBIKEHHSI CBETHII MPO-
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UCXOJSIT B IJIOCKOCTSX, MapaljIebHBIX MJIOCKOCTH HEOECHOIo SKBaropa, W, Clie-
JIOBATEILHO, TaKXe MEPHCHIUKYIISIPHBI TUIOCKOCTH MaTEMaTHYECKOTO TOPH30HTA.
Taxum 00pazom, Bce CBETHUIIa CEBEPHOTO M I0KHOTO MONTyHIapuil HeGecHOM cdepsl
BUJIHBI HaJI TOPU30HTOM B TeUeHHUE |2 YacoB W CTOJBKO )K€ BPEMCHH HE BUIHBI.
Wx BeicoTa Ha HebecHOM MepuauaHe 7=90°—|d|. 3HauuT, Bce cBeTMIA ISl Ha-
OmroaTesnst Ha KBAaTOpe BOCXOIAT M 3axoisaT. Eciau cymounas napannens csetuina
COBMAaJaeT ¢ HeOeCHBIM 3KBAaTOpoM (6=0°), TO CBETHUIIO MTPOXOAMT YEepPe3 3CHHUT.

s Toro 4ToOBI ONMpenenuTh CyTouHOE NBrKeHHEe COJHIIA B ONpEACTICHHBIN
JIeHb ToJa, HaxomaT mosiokeHue COJHIIA Ha SKIUITUKE W MPOBOASAT Yepe3 Haii-
JEHHYIO TOYKY CYTOUHYIO mapamiens CoyHIa, MIOCKOCTh KOTOPOM mapasiesibHa
IUIOCKOCTH HeOecHOro dkBatopa. Jpmkenne ConHIA B TaHHBINA JIEHb MMPOUCXOIUT
MMEHHO I10 3TOW Mapasuieliy.

[TocmoTpuM, Kak TPOUCXOIUT BUIMMOE CyTodHOe aBuxkeHue CoiHIla B ompe-
NENEHHBIE THY T HAOIIoIaTess, HaXOSAIIEToCsl Ha dKBarope. 22 nekadps B IeHb
3UMHETr0 COJIHIIECTOsIHUA ckjoHeHue ComHma o = —23°26/, T. €. JoCTUTraeT CBOEro
MaKCHMaJIbHOTO 3HAUCHUsS B FOXKHOM Tonymapuu. Torma Beicota CoNHIIA B TOJI-
neHb h=90°-|-23°26"|=66°34". Korna CoiiHlle HaXOIWUTCS B TOYKE BECEHHETO
U OCEHHEro paBHOJCHCTBHA, 21 mapra m 23 ceHTSIOps COOTBETCTBEHHO, TO €T0
ckionenne paBHo 0° (8 = 0°). CnemoBatenbHo, CoONHIIE NBHKETCS MO HEOECHO-
My 3KBaropy. B 06oux stux ciayuasx CoJHIE MPOXOAUT B MOJACHb YEPE3 3eHUM.
Korma ConHile puIeT B mouKy jemue20 COIHYECMOsHUs, €ro MPSIMOe BOCXOXK-
JleHue o.=6" a ckiaoHeHue O = +23°26', T. e. JOCTHIraeT CBOEr0 MaKCHMaJIbHOIO
3HAQUEHUSI B CEBEPHOM TMOJYIIAPUU, TIOITOMY B ATOT JICHb MOJYACHHAs BBICOTA
ConHila Ha MepuauaHe, T.€. B MOJAeHb, 1 =90°-23°26'=66°34". CienoBarenbHo,
BMECTO YETHIPEX BPEMEH rojia Ha 3KBarope Toybko aBa. CaMoe xkapkoe Bpems
rojia COOTBETCTBYET BECHE M OCEHHM Yy HAcC, 0Oojiee MPOXJIaJHOE — HAIIMM JIETy U
3ume. Ha sxBatope B meuenue 6ceco 200a NpOAOHKUTEILHOCT JHS paBHA IPO-
JOJKUTEIIEHOCTH HOYH.

Bropoii cayuaii — mnpeamnosoxkuM, 4TO HaOMIOHATeNh HAXOAWTCS Ha IIO-
moce 3emnu (¢==90°). Ecnu nabmogarens HaxoauTcs Ha CeBEepHOM IMOJIOCE
3emin, 10 A, =@=90°. 3naunt, CeBepHBIN MOIIOC MUpa COBMATAECT C 3€HUTOM
(puc. 11, 6). B aToM citydyae Bce 3BE3/IbI CEBEPHOTO MOJIYIIAPUS UMEIOT CyTOYHbIE
napaijIeid, IIOCKOCTH KOTOPBIX MapajuIeIbHBI INTOCKOCTSIM MaTeMaTHIeCKOTO TO-
PHU30HTA U, CIIEAOBATEIBHO, HE BOCXO/AT U HE 3aXOAT U BCETJa BUIHBI.

2—Acmponomus, 11 kaacc 17



Puc. 11. CyTouHoe BpallleHHe 3B€3IHOTO HeOa Ha Pa3MUyYHbIX MIUPOTaX:
@) Ha 3eMHOM 9KBaTope; 0) Ha MoJdroce 3eMIH; §) Ha HEKOTOPOi
MPOMEKYTOYHOW IIUPOTE.

Comune Oynmer He3axonsdmuM cBeTwiioM ¢ 21 mapra mo 23 ceHTs0ps, Korma
ckionenne Comnna 6>0, u Oyzmer HeBocxomsmuM ¢ 23 ceHTsOps mo 21 mapra,
xorga ero ckionenne 0<0. Oxomo 21 mapra CojHIIE BOCXOJUT HAJ TOPU30HTOM
U 3aTeM, ONUCHIBAs €XKETHEBHO CITUPAJICBUIHBIE KPUBBIE, ONM3KUE K OKPYKHOCTH,
MOJHUMAETCSI ¢ KaKIBIM THEM BCE BBHINIC W BBIIIEC. B JIeHb JETHEr0 COJHIIECTO-
sSHAS — 22 uroHa — Bbicora ColHIA MaKCUMaNIbHA: /o=00=23°26'. Ilocie stToro
ConHile HaYMHAET MPUOIMKATHCA K TOPU30HTY, OMYCKAasCh BCE HMXKE U HIDKE. 23
centsa0pst CofHIle 3aXO/IUT, 3aKaHUUBACTCS MOJISIpHBIN JIeHb. COJHIIE MOSBISECTCS
MocJjie OKOHYaHUs MoJsipHOM Houu 21 mapra ciemytomiero roga. Ha FOxxHoM mo-
moce 3emnn (¢=-90°) cyrounoe nBmwxkeHue ConHIIA MPOUCXOTUT MOAOOHBIM Ke
obpazoM, HO Tam ComHile BocXxoauT 23 ceHTs0ps u 3axoauT 21 mapra. llecTs
MecseB — ¢ 21 mapta o 23 ceHtsOps — Ha FOkHOM Toitoce JUTUTCS MOJIsIpHAs
HOYb.

Tpernii cayuaid. [Tycte 0<@<90° 1. e. HaOnrOMATENIH HAXOUTCS HE HA JKBa-
TOpe U HE Ha nontocax (puc. 11, ). B 3ToM cinyyae cyTouHble napaiienu au0o He
IEPECEKaAlOTCs C MaTeMaTHYecKuM TOPU30HTOM, JH00, IepeceKasch, OeNATCs Ha
HEpaBHbIE YacTH: OOJbIIAs YacTh CYTOYHOM Mapasuleiad MPOXOAUT Haj TOpU30H-
TOM. DTa pa3HHUIla CBS3aHA CO CKJIOHEHHEM O CBETHJIA, U YeM OHO OoJblie, TeM
OoJbIIeii OyzeT 3Ta pa3HuIa.

J1st 3BE€311 F0XKHOTO MOIYIIapus 4acTh CyTOYHOM IApallIeNIH, IIPOXOASIAs HAll
TOPU30HTOM, MEHBIIIE TOM, KOTOpasi MPOXOAUT oA ropu3oHToM. TakuM o0Opaszom,
B OTHX MECTaX MOXHO HaONIofarh 3BE3JbI, KOTOPBIE SIBISIOTCS HE3aXOASIIUMH,
U 3BE3/bI, KOTOPBIE SIBIISIOTCS HEBOCXOAAIIUMH. DTO UX CBOMCTBO OMpEAEISETCS
mMpoTor Mecta HabmoneHus. [lo puCyHKy MOXKHO ompeaenuTb: 0>90°—¢ s
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HE3aXOAIIUX CBETUJI CEBEPHOTO MOTyIIIa-
pusi; JUIST HEBOCXOMSIIMX 3BE3] HOXKHOTO
nosnymapus |9|>90°—o.

B ceBepubix muporax, korma CouH-
1I€ HAXOJIUTCS B CEBEPHOM MOJyIIAPUH, C
21 mapta no 23 ceHTSIOpsi IeHb JUTMHHEE

HOYM, a KOTJa OHO HAXOJHUTCS B IOKHOM N
nonymapuu, ¢ 23 centsaopst mo 21 mapra
HOYb anmuHHee nHA (puc. 12). OnHako 3a
CeBepHbiM U HOKHBIM TOJISIPHBIMU KpPY-
ramu (ot 66°34") 22 utons ConHIle MOXKET
ObITh HE3aXOMIIIMM M HEBOCXOSIIINM

— T
Maremaryrgeckuit Topr3OR

Puc. 12. VI3meHeHMe NOTyIeHHON
BeICOTHI COJIHIIA B TEUEHHUE TO/1a.

cetwiioM. [lonsipHblid A€Hb U TIOJIIpHAs HOYb Ha 3eMJie€ B 3aBUCUMOCTH OT LIUPO-
Thl MECTHOCTH JJIUTCS OT 24 4acoB JI0 MOJYToAa.

§ 11. KyasMuHanust CBeTHI H BBICOTA KYJIbMAHANH

CyTouHas mapajuieslb KakKJIOTO CBETHJIA TIEpPeceKaeT HEeOCCHBIM MEpHUIUaH B
JIBYX TOUYKaxX, KOTOPbIC HA3bIBAIOTCS KyJIbMHHAIIUSMHU CBETHJA. Touka, OivKai-
masi K 3€HUTY, Ha3bIBaeTCs eepxHell Kynvmunayuet (K) cBeTuna, BTopas — HUdNC-

neti kynomunayueti (K') (puc. 13).

Bricora cBernna BO Bpems KyJbMHHAIUU
CBsi3aHa C reorpauueckol MIMPOTOH (¢ MecTa
HAOJIOICHNS M CKJIOHEHHEM O CBETHIIA.

B momenT BepxHeinl kyapmuHaiuu K cBe-

Tuna usMepsiercs SK, rae hB=57( =§Q+QVK,
rae SO paBHa yIly HakJIOHa K TOPHU30HTY, T.e€.
5@=90°—(p, QK paBHa CKJIOHEHHUIO CBETHJA
(0), mosToMy hp=90°—@+ . AHaTOTUIHO Ompe-
JIeNIIeTCSl BBICOTA CBETWJIA B HIDKHEH KyJIbMHU-
Haruu: 7, =@ +0-90°. BepxHss KyJIbMHHAIIHS
ConHua Ha3bIBAETCSA COJNHEYHBIM IIOJITHEM, B
TO BpeMsl KaK HIDKHSS KyJbMHUHAIUSA TPUXO-
JUTCS HA TTOJTHOYb.

Puc. 13.
KynbMuHaIMS CBETHIL.
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§ 12. IIpubauxeHHOE ONpeeIeHue IHPOTHI
MecTa Ha0/IIeHuii ¢ TOMOIIbI0 ACTPOHOMHUYECKHUX
HA0JIIOeH Ui * *

Meton 1. [Tomsipuas 3Be3na (anbda — camas sipkasi 3Be3qa co3Be3nus Maioii
MenBeauiibl) pactiojokeHa Ha paccTosHUU, MeHblieM 1° or CeBepHOro moiroca
Mupa. Mbl y’Ke TOBOPWIIM, YTO HIMPOTa MecTa HaOmoneHus: ¢ paBHa BeicoTe [lo-
Jroca MUpa HaJl ropu3oHTOM (/,). Eciin BeicoTa CeBepHOTO mosroca Mupa HaJl ro-
puzontoM B TamkenTe nmpubnmxenHo paBHa 41°20', To 3HaUUT, Takoil ke OyneT u
reorpadudeckas mupora TamkeHTa.

WupiMu crioBamu, eciay HaOMIONATEN0, HAXOAAMIEMYCsl B HEKOTOPOM ITyHKTE
3eMHOH TIOBEPXHOCTH, TPeOyeTCsl ONpeNeNuTh reorpaduuecKyio IMUpOTy MecTa
HaOIONEHHS, TO €My JOCTaTOYHO OMpeAeiuTh BhicoTy llomroca mupa Hag ropu-
30HTOM.

Meroa 2. Hanpumep, onpenenuB B HaceAEHHOM NyHKTe BbicoTy ComnHua /o B
NOJIZIEHb, IO U3BECTHOMY CKJIOHEHHUI0 CoJHIA Op B ATOT J€Hb MOKHO ONPEAEIIUTh
HIMPOTY MECTa HaOIIOICHUI:

ho=90° — ¢+ 00, oTctoma @ =90° — ho+ do.

Bomnpocel u 3aganus

. OOBsicHUTE CBS3b BHICOTHI MOJIOCAa MUPA U TeorpadudecKor MUPOTHl MECTH
CTH.

. O0OBsicauTe, KakuM Oy/eT CyTOYHOE BHIMMOE BpalleHHE 3BE3M, €Cu HAOJIIO,
TeJb OyJIeT HaXONUTHCS B OINpPENeIEHHON TOUYKE MECTHOCTH. A eciu HaOMoaa
¢ 9KBaropa?

. Kak mpoucxonut Bugumoe cytounoe Bpaiienne CoiHIIa Ha pa3IUYHbIX LIUP
flax?

. Kakoii meron cymecTByeT A MpUOIM3UTENHEHOTO OMPEeICHUs IUPOThl MEC
HaOmonexHus?

. B Tepmese (¢p=35°). Ha kakoii BeicoTe Oy/ieT CEBEpHBIH MOJIIOC MUpa?

. Uto Ha3bIBaeTCs KyIbMHHALIMEH CBETHII U CKOJIBKO BUJIOB €€ CYIIECTBYET?

. Kak BpIpakaeTcsi KyJbMHUHAIMS CBETHJIA, €T0 HAKIOH M ITUPOTa MecTa HaOJ
neHus?
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TEMA 5. § 13. OcHOBBI H3MepeHusi BpeMeHu™

[TorpeOHOCTh B M3MEPEHUN BPEMEHH BO3HHKIA YK€ B TIIyOOKOH JPEBHOCTH.
N3menenne oO0bema BO/bI, KOJIMYECTBA MECKA B BOASHBIX U MECOYHBIX Yacax M03-
BOJISJIO (PUKCUPOBATh Majible MPOMEXYTKH BpeMeHH. M3MeHeHHe IJIUHBI TEeHU
IIPEAMETOB B COJIHEUHBIM JI€Hb IO3BOJISIO, HAPUMEP, ONPENEINUTHh BPEMS OT-
IpaBJIeHUs PEMTHO3HBIX 00psinoB. Ha puc. 14 m3o00paskeHbl COTHEYHBIE YaChI,
coopyxeHHble B [IpeBHeil UHauu. C TedeHneM BpEMEHM YEJIOBEYECTBO HAXOIUIIO
Bce Oosee u Oosiee TOUHBIC CITOCOOBI M3MEpeHHsI BpeMeHn. Ha HaOmoneHusx cy-
TOYHOTO BpaIIeHHs] 3€MJIM BOKPYTI OCH OCHOBAHA CHCTEMAa MCUUCIICHHUS BPEMEHH,
npUMeHsieMasi B TOBCEIHEBHOM JKU3HMU.

[Tonmublit 060poT 3emMii BOKPYT KaKOH-JIMOO 3BE3/IbI HA3BIBACTCS 36E30HbIMU
cymkamu. Ho exxelHEBHO Hallle BpeMs OIpeessieTcss BOCX0A0M U 3axonoM ColH-
1a, II0TOMY OCHOBOW U1 M3MEPEHUS HAILErO0 BPEMEHM SIBISIOTCA COHEYHble
cymku. BpeMs Mexay IBYyMsl MOCJIEIOBaT€IbHbIMM BEPXHUMH KyJIbMUHALUSMU
neHTpa Bugumoro aucka ConHua (MHBIMU CIIOBAaMHU — MEXKIY JABYMS IOJIIHSMH)
€IVHUIIA BPEMEHHU, Ha3bIBAEMAasl UCUHHBIMU COTHEYHBIMU CYMKAMU.

JIMUTENBHOCTh COJIHEYHBIX CYTOK MEHSIETCS B TEUYEHHME T'0/la M3-32 HEPABHO-
MepHOCTH JBM>keHus: COoJHIIA M0 IKJIMUNTHKE, T. €. HEPABHOMEPHOCTH OOpAICHUS
3emin Bokpyr ConHIA, a TakkKe M3-3a HAKJIOHA SKIMNTHKU K IJIOCKOCTH HeOec-
HOro skBaropa. IloaToMy BMeCTO HCTHH-
HBIX COJIHEYHBIX CYTOK MCHOJIb3YIOTCS TaK
Ha3bIBAEMBIE CpeoHUe CONIHEYHbIE CYMKU —
24 yaca.

Tem He MeHee, MO NPUYMHE 3HAYU-
TEIbHBIX BUIAUMBIX pasmepoB ConHia
(ero ymoBo#i muametp okono 30") u 60b-
IIOr0 ITOTOKA CBETA W TEIUIA, U3JIy4aeMo-
ro um, udmepenue BpemeHu 1o CoHIly
Heyno0HO M HetouHo. [losTOoMy BMecTe
C COJHEYHBIMM CYTKaMHU B aCTPOHOMMHU
IIMPOKO HCHOJNB3YIOTCS 36€0Hble CYMKU.
3BE3HBIE CYTKH — 3TO IPOMEKYTOK Bpe-
MEHU MEXAy JBYMS BEPXHUMH KYyJIbMU-

Puc. 14. Conne4nble 4acbl, KOTOPbIMU
noJip30BaNIuCh B JpeBHeit Muauu.
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HalUSIMU Kakoh-nbo ompenerneHHoN 3Be3apl. Ha mpakTuke mpu omnpeaeieHun
CpPEIHET0 COJHEYHOTO BPEMEHU HCIIOJIBb3YIOTCS TOYHBIE COOTHOUICHUS MEXIY
COJTHEYHBIMU U 3BE3IHBIMU CyTKaMH, KOTOpBIE Ui JIFOOOTO MOMEHTa BPEMEHHU
y>Ke OTpeeieHbl ¥ TIPeIJiaraloTCs B BUJIEC TaOHII.

Bpewmsi, usmepenHoe Ha JaHHOM MEpHUAHAHE, HA3BIBACTCS MECHHbIM BPEMEHEM.

3HaHWE MECTHOTO BPEMEHH BaXKHO JJII TOYHOTO ONpeeieHHs reorpaduue-
CKOM JOJITOTHI MeCTa HAOIIOICHUH, TaK KaK MEXIY JOITOTaMHu A U A, U MECTHBIM
BpeMeHeM 71 U T, CyIIECTBYET CIEAYIOIIAsl CBA3B:

)Ll—)\,zzT1—T2.

Bcemupnoe épems — 3T0 MECTHOE CpE/IHEE COJTHEYHOE BpPEeMs HYJIEBOTO MEpHU-
JTuaHa, poxojsmiero yepe3 I'puaBHUCKyt0 oOcepBaropuio B JloHaoHe (puc. 15).
Torma cBs3b MEXIy JOITOTOI A MecTa HAOMIOACHHUS U MECTHBIM 1) M BCEMUPHBIM
Ty BpemeneM onpenensercs: GopMysIoun:

T)LZ To+>\,.

Tlosacnoe epems. Tlonb30BaThCsl TOJIBKO MECTHBIM BpEeMEHEM HEYHIO00HO, TO-
CKOJIBKY CHUCTEM MECTHOTO BPEMEHHU MMEETCSI CTOJBKO, CKOJIBKO reorpaduyecKux
MepuauanoB. [lostomy ¢ 1884 r. mpumeHsieTcs cuctema noscHoz2o epemernu. J{ns
STOW IEJIM BCS TIOBEPXHOCTh 3eMJIM pasjie-
neHa Ha 24 dacoBbIx nosica (puc. 16). Bo
BCEX NYHKTax B MpeAesiaX OJHOTO U TOTO
K€ MepuuaHa MECTHOE BpeMs OIWHAKO-
BO. B cucreme mosicHOro BpeMeHHW BBIJle-
JeHBI 24 OCHOBHBIX MepuouaHd, KOTOpHIC
pacmojIokKEeHbl JPYyTr OT Apyra IO JOJIroTe
yepe3 15° (wmm uvepes 1"). Cuer nosicHOro
BPEMEHHU B IpeJeNax OMpeaeIEHHOTO Yaco-
BOTO TOsiCAa BENETCS TOJNBKO 1O MECTHOMY
CpeIHEMY COJTHEYHOMY BPEMEHH OCHOBHOTO

Puc. 15. Vicuncienue BpeMeHn MepHuuaHa, JIeKAIIEro B mpeiesiax JaHHOTO
HAYUHACTCS C BPEMEHH 4acoBOro rnosica. J{oarorel OCHOBHBIX Me-
TPUHBHYCKOTO MEPHIUAHA. pUIMAHOB MpUHATHI 3a Oh, 1b 20 - 23b p
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OCHOBHBIE MEpPUJIUAHBI MPOXOIAT MPUOITH-
3UTEIHLHO MOCEPEIMHE YaCOBOTO MOsCA.

YacoBble mosica MpOHYMEPOBAaHbI B Ha-
npaBjieHUU Ha BOCTOK OT ['punBHua ot 0
10 23. CBsi3b MEXAY MECTHBIM BPEMEHEM
(7T\) xaxoro nu60 myHKTa (Ay) U TOSICHBIM
BpeMeHeM (7)) ero 4acoBOro mosica Jaercs
cienyroei hopMmymnoun:

}\'M_}\'OCH:TM_TID

IJ€ Ao — JIOJIFOTA OCHOBHOI'O MEpHIHMaHa
Ha JTOM MOsCE.

Tak Kak Aoex paBHO N MOsiCHOMY Bpe-
MEHH JAaHHOTO 4YacoBOTo mosica, rae N — Puc. 16. YacoBble mosica 3eMIIH.
HOMEpP 4acoBOIo Iosca, TO 3Ty (GopMyiy
MOKHO Tnepenucarb B Bujae Ay— N"= T, — T, U3 atoil popmynbl MOXKHO NP He-
00XOIMMOCTH ONPEIETUTh MECTHOE T, WM TosICHOE T, BpeMs:

T.=T,—Ay+Nt wmm  T,=T,— Nr+A,.

§ 14. Kaniennapu

Cucrema cuMciaeHHs JUIMTENbHBIX IPOMEKYTKOB BPEMEHH (CYTKH — JI€Hb, HeE-
JIesIsi, MECSIIl W TOJbl) Ha3bIBACTCS KaleHOapém. 3a OCHOBY KalieHmapsi Oepércs
cMeHa ¢a3 JyHbl WIK CMEHa BpeMEH roja (Tponuueckuil rox). Ecinu on ocHOBaH
Ha MEPUOANYHOCTU (a3 JYHBI, WIH JTYHHOTO MECAIA, MPOJOKUTEIIEHOCTh KOTO-
poro 29,53 cpeIHUX COJTHEYHBIX CyTOK, TAKON KaJ€eHAApb HAa3bIBACTCA JIVHHLIM Kd-
nendapém. Ecnm kajneHaapb OCHOBaH Ha CMEHE BPEMEH ro/la — COIHEUHbIM KAleH-
oapém.

HecousmepumocTs yuciia CyToK B CHHOJUYECKOM Mecsle (IPOMEXYTOK Bpe-
MEHHM MEXIy ABYMS IMOCIIEI0BaTEIbHBIMU OAMHAKOBBIMU (hazamu JIyHBI) U TpoO-
MUYECKOM IOy (CONHEYHBIN UK CMEH BPEMEH rojia) CO3/1aeT MHOTO TPYAHOCTEH
IIPY TIOTIBITKE COIVIACOBaTh MEXAY COOO0M pa3NmuyuHbIe KaJeHAAapH, MOCKOJIbKY Ka-
JICHIAPHBIA MECSL U KaJICHAAPHBIN IOl JOHKHBI COAEPKATh LIEI0€ YUCIIO CYTOK.
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Conneunsiii xanenoaps. OIUH U3 MEPBBIX COMHEYHBIX KaJieHAaped MOsSBUICS
B JlpeBaem Erunte (3000 net mo H. 3.). Eruntsane pa3paboranu KajieHIaph, CMe-
Ha BpeMEH rojia KoToporo cocrasisuia 360 aHel, KOTopble NeauiInch Ha 12 mecs-
ueB no 30 guei. Ilocne onpenenenus roga B 365 cyToK, K ABEHAAIIATOMY MECSIY
ObU10 100aBNeHO 5 nonoaHUTeNnbHbIX AHeW. B 11 Beke 10 Hamieil spbl erunerckue
aACTPOHOMBI OIPEJEIIUIIN, YTO TOJl COCTOUT U3 365,25 CyTOK.

Hoesas pedopma xanenmapsi Oputa npousBeaeHa B I B. g0 H.». FOnuem Ile3a-
peM — pUMCKHMM HOJKOBOALIEM M TOCYJapCTBEHHbIM JesreneM. Ilpu momoriu
aCTPOHOMOB OH COCTaBWJI KaJ€HJapb, MPOAODKUTENFHOCTD T0Jla B KOTOPOM ObLIa
365,25 cytok. B uects Lle3apst HOBBINM KajeHAapb NOJYy4HJI Ha3BaHUE 10IUAHCKO-
20 kanenoaps. Tpu roja MOAPsA UMENH HPOAOKUTENBHOCTh 365 CyTOK, a 4er-
BepThIN rog — 366, nockonbKy octarok B 0,25 3a 4 roga coCTaBiIsI POBHO CYyTKH.
DTOT roJ Ha3bIBAJICS SUCOKOCHBIM. J|OTIOTHUTEIBHBIM ASHb KaKable 4 Toaa qo0aB-
nsicst B geBpare.

3a HECKOJIBKO CTOJETHH CTajlo MOHSATHO, YTO U B 3TOM KaJleHAape €cTh IOo-
rpemHoCTh. [t e€ wmcnpasnenuss mana Pumckmii ['puropuit XIII B derpaine
1582 roma cocraBwiI HOBBIM KaJIEHIAph, B3dB 3a OCHOBY KAJIEHJIapbh, C yYE€TOM
365,242 nHew.

HoBelii kanenaapp ctan Ha3bIBaThbes epucopuanckum. OH BEIET OTCUET JIET OT
Poowcoecmea Xpucmosa, n 607ABIIMHCTBO €BPONEHCKUX CTPaH MEPEIIo Ha HEro B
teyenue XVI-XVII Bs.

[IaTp M3 nBEHAILATH MECSALEB JTOrO KaJeHJaps Ha3BaHbl B YECTb PUMCKHUX
6oroB (Snyc, ®edpyyc, Adbpoaura, Mapc, Maiis, FOHoHa), HIONIb U aBryCT — B
yecTh umneparopoB tOnus Ile3zaps u ABrycra, Ha3BaHUSI OCTABILMXCS MECSLEB
COOTBETCTBYIOT MOPSAKOBBIM HOMEpPAM B CTAPOM PUMCKOM KaJIeHJape, arpenb I0-
Jy4YuJ CBO€ Ha3BaHUE OT CIIOBA «aperire» — MpopacTarb, paciyckarbcs. lon cran
HAuMHaThCS HE B MapTe, a ¢ 1 sHBaps.

B Poccum B crapuHy Hayano rojga MOpa3gHOBAIOC B MapTe€ M CEHTSA-
ope. B 1342 rogy mutpononutr MockoBckuii u3fan yka3, mo kortopomy Ho-
BBII Tof mpa3aHoBanu | centsOpsa. B xonme XVII Beka mo ykasy maps Ilerpa I
B 1700 romy Hauasno roga Obut0 ompeneneno ¢ 1 saBapsi. C tex mop HoBeril ron
npazanyercs 1 stHBaps.
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BOHpOCBI H 3aJaHUsA

. [lepuox oOpamiennst kKakoro HeOECHOTO Tejia B3ST 3a OCHOBY BPEMSUCUNCIICHUS

. Kax onpenensitorcs conHeuHble U TyHHbIE CyTKU? PaBHBI 1u oHU?

. UTo Ha3pIBalOT MECTHBIM M BCEMHUpHBIM BpemeHeM? Kakas cBs3b CyIIECTBY:
MEX/1y ’TUMU BpeMeHaMu?

. Kak onpenenstor nosicHoe Bpemsi?

. Kakue nepuozpl, cBS3aHHBIE C ABMKCHUSMH HEOECHBIX TEJ, TOJIOKEHBI B OCH
BY KaJileHJapeit?

. Kak HaspIBaeTcs KajeHIaph, B OCHOBY KOTOPOTO IOJOKEH CHHOAWYECKHH M
can? Kak Ha3piBaeTCsl KaJeHIaph, B OCHOBY KOTOPOTO HOJOKEH TPOIMHYECK
roxn?

. UTo BBI 3HAaETE O IOJIMAHCKOM U IPUTOPUAHCKOM KalleHAapsix?

TEMA 6. § 15. BuanMmoe nBu:keHue, pa3pl M nepuoabl JIyHbl

JlyHa — eIMHCTBEHHBII €CTECTBEHHBI CIYTHUK 3€MJIM, KOTOPBIA COBEpLIAECT
ouH 000pOT BOKPYT 3emuin 3a 27,32 CyTOK. DTOT MEPUOJ] BPEMEHU HA3BIBACTCS
cudepuyueckum, WINA 36€30Hbim, MecaueM. Hanpasinenue Bpamienus JlyHsl BOkpyT
3emMJId TPOTUBOMOJIOKHO HAIMPABICHUIO Ka)KYIIErocsl BpallleHusi HeOecHoU cde-
pBl, U MPOMCXOAMT, TAKUM 00pa3oM, ¢ 3amajia Ha BOCTOK (T.€. B TOM K€ HalpaB-
JICHUH, B KOTOPOM 3eMJIsl Bpalllaercs BOKpPYr cBoel ocH). CKOpPOCTh JBHIKEHUS
Jlynsl o cBoeit opoute coctaBiser 1 KM/C. DTO 3HAYUT, YTO OTHOCUTEIBHO 3BE3]T
Jlyna 3a cyTku nepemermaercsi mpuMepHo Ha 13°.

Jlynnast opOuTa JIEKUT B IMJIOCKOCTH, KOTOpas HAKJIOHEHA K SKIUNTHKE MO
yoom 5°9'. TlpumevarenbHo, uTo niepuoa oOpaiienus JIyHbsl BOKpyT 3eMiiu paBeH
nepuoay BpamieHus: JlyHsl Bokpyr cooctBeHHOM ocu. [Tostomy JlyHa Bcerma 00-
paieHa K 3emiie 00HOU U Mot dHce CMOPOHOIL.

Jlyna BuznHa ¢ 3emiu Omaromapsi TOMY, 4TO OHAa OTPaXKaeT MaJarollui Ha Hee
coinHeuyHblll cBeT. Ho ecnu Habmiomarh B TEUEHHE CHJIIEPUYECKOTO Mecsla 3a
JlyHo#, To oHa OyaeT MeHSATh CBOIO (hOpMy, HAYMHASL C Y3KOTO CEpIria, KOTOPBIH
oOpamén BeImykiIocThio K ConHIly ¥ ObIBae€T BUICH Ha 3alaJHON CTOpOHE HeOa,
JI0 TIOJTHOTO Kpyra (T. €. 10 MOJHOMYHUS), a 3aTeM BHOBb JI0 Y3KOTO cepra, o0pa-
HIEHHOTO BBITYKJIOCTBIO B IPOTUBOMNOIOXKHYIO cTOpoHY. HakoHen, B TeueHue 2—3
nHeit JlyHa coBepmieHHO HE BHIHA Ha HeOe. B 3TOT mepmon oHa MpPOXOIUT BO3-
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Puc. 17. Usmenenne da3 Jlynsl. 1. HoBomynue. 3. [lepBas yetBepTh. 5. [lomHOMyHUE.
7. IlocnenHss 4eTBEPTh.

ne ConHna u mosToMy He OyneT BuaHa. PopMbl IYHHOTO AMCKA HAa3bIBAIOTCA a-
3amu Jlynvl. 3menenne a3 JIyHbI IpOMCXOIUT U3-3a MEPUOIUIECKOTO M3MEHE-
HUs ycioBun ocBenieHus e€ CoHIIeM M0 OTHOIICHHIO K HaOmomarento (puc. 17).
[IpoMexXyTOK BpEMEHH MEXKIYy OJHOMMEHHBIMHU
dazamu JIyHBI Ha3BIBACTCS CUHOOUYECKUM MeCsi-
yem ¥ paBeH 29,53 cpelHUX CONHEYHBIX CYTOK.
JIyHHBIN TUCK HE BUIEH C 3EMJIM B HOBOJ)-
Hue (TIEPBOE MOJIOKEHNE) WJIM BUJICH TIOJIHOCTHIO
B nonxonyHue (NATOE TOJOXKEHHE), WM BUIEH
TOJIBKO YACTUYHO (OCTaIbHBIE TIOJIOKEHUS ).
[TosiBnenne y3koro cepmna JlyHbl B 1y4dax Be-
yepHeW 3apu Bckope nocie 3axona ConHua mnpo-
HCXOIMUT MPUMEPHO YEpe3 ABa JIHS IOCJIE HOBO-

% VRIS 9 % JYHUST W Ha3bIBaeTCs HeomeHueli. B »Toi (dasze

3 ’E = TEMHasl 4acTh JIMCKa BCE-TAaKU CJETrKa BHIHEETCS

5: =) 8 Ha (QoHe BeuepHero Heba. DTO Tak Ha3bIBaEMbIN
IICNIENIbHBIN CBET JIyHBI — pe3ynbTar najcHus Ha

Puc. 18. O6bIcCHEHUE CHHO- JlyHy coOlIHEYHOro CBeTa, OTPAKEHHOTO 3eMIIeH,
JANYECKOTO M CHACPHYECKOTO KoTopast B 3TO Bpemsi oOpamieHa k JlyHe 6osb-
epHO0B BpalieHus JIyHb IIe 4acThIO CBOET0 MNOJYIIAPHs, OCBEIIEHHOIO
BOKpYT 3eMJIH. ConnueM. IIpomexyTok BpeMEHU MEXIY OAHO-
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uMeHHbIMH (dazamu JIyHbI Ha3bIBa€TCS cuHOOUYecKuM MecaleM U paBeH 29,53
CPEIHHMX COJHEYHBIX CYTOK.

Pa3zHuna B NmpoAo/KUTENBHOCTH CHHOJUYECKOTO M CHJIEPUUYECKOIO MECSLEB
oOBsicHsieTcst [BMKeHHeM 3eMiu Bokpyr ConHua (puc. 18).

§ 16. MycyibMaHCKHeE COJTHEYHBIN U JIYHHBII
KAaJIeHAapH XUKPbI *

Jlynnwiii kanenoaps. Eciu B OCHOBE KajeHAAps JIGKUT MPOAOTKUTEIBHOCTh
CHHOIMYECKOro Mecsua B 29,53 cyTOK, Takol KaJeHJapb Ha3bIBa€TCsl JIYHHBIM, a
ecnu Tponudeckuil rox B 365,2422 cytok — conHeuHbIM. HecooTBeTcTBHE uncna
CYTOK B CHHOJMYECKOM MECSIEe U TPOMMYECKOM IOy CO3[aeT MHOTO TPYAHOCTEH
IIPH TIOTIBITKE COTIIACOBATh MEXY COOOHM pa3iuyHbIe KalleHAapH, MOCKOJIbKY Ka-
JICHAAPHBIA MECSI] U KaJleHAAPHBIN TOJ JOJHKHBI COIEPIKATh 1EI0€ YUCIO CYTOK.

Ponuna nmynHoro kanenmapsi — Jpesuuii Basunon (2500 ner o H.3.). ['on Ba-
BUJIOHCKOTO KaneHaaps coxepxan 12 mecaues no 29 unu 30 aueit. Torna xe no-
SBUJIACH U CEMUIHEBHAs TENENs, MO YHCIy «OMyKTAlommx» 3BE3N — S5 TIIaHET,
Conamna u Jlynel. 9T HeOecHBbIE Tella 000KECTBIBIUCH BO BCEX JPEBHUX PEIIH-
TUSIX, ¥ UX Ha3BaHUS MPUCBAWBAJIUCH JTHAM Henenu (MIPUMEPOM MOTYT CITY>KUTh
Ha3BaHU JHEH HEleIN B HEMELKOM MJIM aHTJIMHCKOM SI3BIKAX).

B HEkoTOpBIX MyCyJIbMaHCKHUX CTPAaHAX U B HACTOAILIEE BpEMs MCIIONIb3YeT-
csl JIyHHBIH KajeHaapb. KonmnuecTBo nHEH B Mecslax 3TOro KaJeHJapsi MEHSET-
Csl ¢ TAKMM PacueToM, YTOOBI IEPBOE YHCIIO MECSIIA MPUXOJMIOCH HA HOBOIYHHE.
JIyHHBII roA MyCYIbMAaHCKOIO KaJeHIapsi coaepkuT 354 wiu 355 nHel, Takum
o0pa3oM, OH KOpoue TPOIMYECKOTo rofga mpuMepHo Ha 11 cyrtok. Ilo 3toii mpu-
YUHE Hayajo JYHHOTO HOBOI'O IO/la CABUIAeTCs B HalleMm KajieHjaape Ha 11 nuei
BIIEpE/l, TaK 4TO 32 33 roja HaKaruIMBAETCs Pa3HMIIA B LEJbIH TOI.

BO3HUKHOBEHHUIO 3pbl MYCYJIBMAHCKOTO JIETOCUMCIEHUS MOCIYXHWIO INepece-
neHue npopoka Myxammena n3 Mekku B Meauny. Hauano storo kanennmaps co-
BIIaJIa€T C HAYaJIOM rojia JIyHHO-COJIHEYHOIO KaJIeHJapsl, 1eUCTBYIOIIETO B TO Bpe-
Ms B Mekke, 1 COOTBETCTBYET 16 nroiist 622 I. 110 TPUTOPUAHCKOMY KaJICHAAPIO.

BO3HUKHOBEHUIO 3pbl MYCYIbMAHCKOTO JIETOCYMCIICHUS MOCITY>KUJIO Iepe-
cenenue npopoka Myxammena u3z Mekku B Menuny. Hawano storo kanenmaps
COBIAJAET C HAYaJOM Troja JIyHHO-COJIHEYHOIO KaJeHJaps, JEHCTBYIOIIETO B TO
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BpeMsa B Mekke, u coorBeTcTBYyeT 16 mrons 622 r. mo
rpUropuaHcKkoMy KaneHaapro. Ha3Banus mecsieB my-
CyJabMaHCKoro KaneHmapsi: Myxappam, Cagap, Pabuy
yavb-assanv, Pabu yc-conu, /{orcymao ynv-agsan, /cymao
ye-conu, Paoorcab, [llaaban, Pamaoan, Lllassans, 3yov-
Kaaoa, 3ynb-xuddca. 1o 3TOMy KaneHaapio HOBBINA TOJ —
1 myxappama 1440 roma nactynut 11 centsabps 2018
roja.
Kanenoape Omapa Xavisma. VI3BeCTHBIM TMOAT U
¢unocodp Omap Xaitsm (1048-1123) xun B Humamnype
Puc. 19. BO BpEMEHa NPaBJICHUS CEIbIKYKCKOro cynrana J[xa-
Owmap Xaiism. nan an-/luna Manuk-maxa u ero Bu3ups Huzam aib
Mynbka. B 3penbie rogsl Omap XaiisiMm 3aHUMAaCS Ma-
TeMaTuKol M actpoHomued. B 1076 r. mo Benennto Manuk-maxa Omap Xaisam
PYKOBOZIMIJI COOPYKEHHEM acTpoHOMHUYecKoi obcepBaropun B Mcdarane. B atoit
oOcepBaTopuH, BIJIOTH A0 cMepTy Manuk-maxa B 1092 1., mpou3BoAMINCH TIEPBO-
KJIACCHBIE aCTPOHOMHYECKHE HAOMIONCHUSI, OBLTN OINpENeNIeHbl M YTOYHEHBI KO-
opauHatel Oonee 100 sipkux 3BE31 U COCTaBIICHBbI TaOnuilbl ABMKeHUU ColHIa,
Jlynsl u utanet. CoOpaHHbBIE BOGAMHO, OHU U3BECTHBI B HICTOPUHM ACTPOHOMHHU KaK
«AcTtpoHoMuueckue Tadnuiel Manuk-maxay («3umk Manuk-maxm).
bepynn B cBoeM counHeHnMn «l[laMsITHUMKM yHienqmux NOKOJICHHW» ITPUBO-
JIAT NPEBHUM MEPCHUACKUAN COJIHEUHBIN KaneHAapb. [ 07 3TOro KajeHaaps mpoaoii-
JKUTENBHOCTBIO 365 aHeit cocrost u3 12 mecsues no 30 (11 mecsaueB) u 35 nuei
(mocnennuii, 12-i, mecsi). Tak kKak MPOAOIKUTENBHOCTh TPOMMUYECKOTO ToJa
MIPEBOCXOJIUT IO ATOr0 KalleHAaps Ooyiee 4eM Ha S5 4acoB, TO C KaXKIbIM TOJOM
KaJIeH/IapHbI€ JAaThl BCE MEHbILIE COOTBETCTBOBAIM CE30HHBIM SIBICHUSM MPUPOJIBI.
YroObl yCTpaHUTh ATOT HeOOCTarok, Manuk-max B 1074 r. co3gan KoMuc-
cuio mox pykoBoicTBoM Omapa Xaiisima, KOTOpPOWl OBLIO MOPYYEHO MPOU3BECTU
pedopmy kaneHaapsi. KoMuccuu mpencTosyio pemuTh CIEAYIOINUe 3a1a4u: Orpe-
JIEIUTh MOMEHT HACTYIJICHUS aCTPOHOMHUYECKOTO PAaBHOJCHCTBUS M HaWTH Ta-
Kyl CHCTEMY YepeJOBaHUs BHCOKOCHBIX JIET, IIpU KOoTopol mepcuiackuil HoBblii
rox — HaBpy3 — npuxonuics Obl Ha JIeHb BeCEHHEro paBHojeHcTBUsA. O0a Bompo-
ca ObUIM YCIIEUIHO PELICHbl KOMUCCHEW IOCNIe MPOBEAEHUS pPsijia CHelHaIbHbIX
HaOmonenuni. Komuccusi ycraHoBMIIa, YTO BECEHHEE PABHOIECHCTBUE B TO BpEMs
HACTynajio Mo I0JMaHCKOMY KaieHaapro 15 mapra. K atomy anto Xaiisim U npen-
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JIOKUJI IPUYPOUYUTH Hadano Kaxaoro roga HaBpy3. BucokocHbie To/bl B KaJIeH 1a-
pe XaiisiMa pacnpeeniuch B KaKI0M Mepruojie u3 33 JIeT CIeayoIuM 00pa3oM:
roael ¢ Homepamu 4, 8, 12, 16, 20, 24, 28 u 33 uMenu nNpoaoJLKUTENBLHOCTh 366
JIHEU, ocTalibHbIe 25 jieT — 1o 365 auei. CpeaHss JIMHA rojla B HEM COCTaBJIs-

8
na 365 33 3654,24242. CpaBHuBas €€ ¢ TOUHBIM 3HAYEHUEM TPOIMYECKOI0 ro/a,

HaxoauM pasnuiy B 0,00022 = 19,55s. Takum oOpa3om, B 3TOI cCHUCTEME BECEHHEE
PaBHOJIEHCTBHUE OTCTAET OT CBOEH KaJE€HJApHOW JaThl Ha OAMH J€Hb INPHUMEPHO
yepe3 4500 net. B aToM Kanengape Ha3BaHMUS MECSIEB COBIAAIOT C HA3BaHUSMU
30/IMAKAJIbHBIX CO3BE3AUM.

JlaHHBIN KaneHaapp XaiisiMa JIEKUT B OCHOBE KaJIEHAAPsl COJIHEUHOU XUIKPBI,
9pa KOTOPOTO COBMNAAAET € APOM KaJIEHJAps JIYHHOM XWJDKPBI M Ha3BaH B 4YECTh
Masuk-maxa kanengapeM Jxamanm.

Ha 21 mapra 2018 r. mpuxomutcs Hauano Hosoro 1397 roma comHedHo#
XUIDKPBI.

§ 17. CosiHeuHbIe M JIYHHBbIC 3aTMEHUSA

1. Conneunoe 3ammenue. Jlyna npu cBOeM IBMKEHHU BOKPYT 3eMIIM MHOTIA
3acnonsieT CoJHIIE CBOUM JUCKOM, B TAKOM CIIydae TOBOPAT O COJIHEYHOM 3aTMe-
UM (puc. 20). D10 Bcerna ObIBaCT B HOBOITYHHE.

HaGmronarenb, HaxoqsdIIMics BHYTPU KOHYyca JIYHHOM TEHHU, BUJAUT HONIHOE
conneunoe 3ammenue (O). Ecnu Habmonatenb OKaKETCsl B MOIXyTeHH OT JIyHBI
(B Touke 4 nnu B), To nuck JlyHbl 3aKpbIBAa€T TOJIBKO YacTh COJIHEYHOIO JMCKA,
U HACTYyNAeT Yacmuunoe coineyHoe sammeHnue. VIHOrJa BMECTO MOJHOTO COJIHEY-
HOTO 3aTMeHUs, HaOmonarenb OyleT BUICTb KOAbYeoOpasHoe cONHedyHoe 3amme-
Hue, TIPU KOTOPOM BOKPYT' TEMHOT0, oOpa3zyemoro JIyHOH, 1ucKa Ha MOBEPXHOCTH
Comnnia Oyzner BUIIHO y3Ko€ sipkoe Koiblo oT ColHIa.

2. Jlynnoe 3ammenue. JlyHa, Bpamascb BOKpYr 3eMJid, HHOTIAa NIOMAIaeT B €&
TeHb. B Takom ciyyae ToBOpST O JyHHOM 3aTMeHHU. KoHyc 3eMHO# TeHM JUIMH-
Hee KOHYCa JIYHHOU TeHM, U eciu JIlyHa MOJHOCTBIO MOMAaJEeT B HEro, TO MPOU30M-
JIeT ToJIHOE JyHHoe 3ammeHue. Ecnu JlyHa nonagaer B MOdyTeHb 3eMITH, TOBOPST
0 TMOJNyTeHEeBOM 3aTMeHuu (puc. 21). JlyHHOE 3aTMEHHE MOMKET MPOU30HTH TOJIb-
KO BO BpPeMsI IOJIHOMYHUSI.

B omnpenenénnpix mectax Ha 3emiie JYHHOE 3aTMEHHME HaOJIOnaercs daile,
yeM cojiHeuHoe. M3-3a HeOonblIoro pa3mMepa JyHHOM TEHU COJIHEYHOE 3aTMEHHUE
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Puc. 20. Conneunoe 3aTmMeHne
(Ha HIDKHUX PUCYHKAX
BU/IbI COJTHEUHBIX 3aTMEHUI
B Toukax 3emum A, O, B).

MOXeET OBITh BHJIHO TOJILKO Ha HEOONBIION TeppuTopun 3emin. JlyHHOE 3aTMeHme
BUIHO Ha BCEM MONyIIapuH 3eMiid, o0pameéHaoM K JlyHe.

[Ipu momHom 3armenuu JlyHa mpuoOpeTaeT TEMHO-KpAacHBIA IIBET, TaK Kak
COJTHEYHBIN CBET BCe ke ocBemaeT JIyHy, HO CHHHE W To;XyOble JTy4dH, MPEeTOMIIs-
sicb B atMocdepe 3eMin, pacceuBaroTcs, U JIyHa ocBemiaercs npenMyIecTBEHHO
KpacHbIMH Jiydamu. [IimockocTs JIyHBI HakjIOHEHA K DKIMITHKE, B CBSI3U C HECO-
BrajieHneM opout JIyHbl M 3eMJIM COJNIHEYHBIC W JYHHBIC 3aTMEHHs HE HaOromIa-
FOTCSI IPU KayKJIOM HOBOJIYHUU U MOJHOJYHUHU.

B MomeHT comneuHoro 3atmeHust JlyHa HaxonuTCs B aCTPOHOMUYECKOU (haze
HOBOJIyHUS, 1eHTp ConHIila HaxonuTest Ha 16,5° MeHbIe ogHoro u3 y3ioB JIyHbI,

Puc. 21. Jlynnoe
3atmenune. [ — ColHIe;
2 — 3ems; 3 — opbura
JIynsr; JlyHa B KOHYyCe

TEHU 3eMJIH.




B MOMEHT JIyHHOTO 3aTMeHus JIyHa Haxonutces B (a3e momHonyHus, 1eHTp ColH-
1a Haxonutcs Ha 10,6° MeHbIie 1yru ogHOTO U3 y3510B JIyHbl. B ron 6siBaet ot 1
JI0 5 CONHEUYHBIX 3aTMEHUMN, JTYHHBIX 3aTMEHHH MOXKET U HE OBbITh HU pa3y B IO,
WM MakcuMaibHO 10 3 pas. [loatomy B rog mMoxer ObITh A0 7 3aTMEHUH, WU
TOJIBKO 2 COJHCYHBIX.

B npeBHOCTH CONHEUHBIE W JIYHHBIE 3aTMEHHUS HABOAWIIM yKac Ha Jjrofen. B
HACTOsIIIIee BPEMsI HACTYIIJIEHUE COJTHEYHBIX U JTYHHBIX 3aTMEHUIN BBIUMCIISAETCS Ha
MHOTO JIET BIIEPE], TOATOMY 3aTMEHHUSI HUKOTO HE IMYTaloT.

Bomnpocs u 3axanus

. KakoB nepuop Bpamenus JIynsl Bokpyr cBoeit ocu? Bokpyr 3emin?

. Io xakoii npuuuHe JlyHa Bcerna noBepHyTa K 3eMje OJHOM U TOU K€ CTOPOHO

. Kak HazpiBarorcst ocHOBHBIE (a3bl JIlyHBI?

. Uro Ha3pIBaeTCA CHHOAUYECKUM nepuoaoM JIyHsr?

. CpaBHute kanennapb Omapa XaiisiMma U TPUTOPUAHCKUIN KaJeHIaph.

. O6wsacauTe 3armenws JIyasr u CoHIIa.

. HazoBute npuumHbl, 0 KOTOPBIM HE IMpOUCXOAAT 3aTMeHHs ConHIa B KA
HOBOJIYHUE, a JIyHBI B KaXK0€ MOJHOIYHHUE.

I1 PA3JIEJI. CTPOEHUE COJTHEYHOM CUCTEMBI
N IBUKEHUE HEBECHBIX TEJI

TEMA 7. § 18. CTpoeHue co/iHEeYHOH CHCTEMBI

1. Pazsumue npeocmagnenuti o cmpoenuu Conneunou cucmemvl. Vctopus
pa3BUTHUS TIPEIICTABICHUN O CTPOCHUU MHUpa OEpET Hayayio B TIIyOOKOH IpEeBHO-
ctu. He obnagas cepbe3HbIMM 3HAHUSIMU O SIBIICHUSAX HPUPOJBL, JHOIU B JIPEBHO-
CTH TPUIHCHIBAIM CO3[JaHUE MUPA CBEPXbECTECTBEHHOM CHUIIE, KOTOpPAasl SIBISLIACH
NPUYMHOMN JABM)KEHUS HEOECHBIX TEJ, BOCXOJOB M 3aXO/I0B CBETUJI, COJTHEYHBIX U
JYHHBIX 3aTMEHHUH U T. [I.

B IV B 110 H. 3., KOTJ1a M3BECTHBIN rpedeckuil puiocod ApuCTOTENb T0Ka3al,
yT1Oo 3emiis, KoTopas uMeeT ¢hopMy I1apa, HaXoAUTCs B LIeHTpe BceneHHoid, B co-
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R -~ =T - 3HAHUM JIIOJEH CJIOKHWIOCH MPEICTaBICHHUE,
4TO B IIeHTpe BceneHHON pacmoyiokeH KecT-
KO 3aKpEeIUICHHBIA 36MHOM I1ap, BOKPYT KOTO-
pOTo JBMXETCS HEOO BMECTE C MPHUKPEIIeH-
HBIMU K HEMY 3BE3aMH.

Bo II B H.3. U3BECTHBIN aJNEKCAHIPUNCKUI
actpoHoM Knaeouii I[Imonemeti coznan Oosee
000CHOBaHHYIO TEOPUIO O CTPOCHHUH MHPO-
3aHUS, T.€. O 2e0YEHMPUUECKOM CMPOEHUU
mupa. CornacHo 3Tol Teopuu, B 1ieHTpe Bce-
JICHHOW HaXOIuTCs 3eMJisl, a JPyTrue MIaHeThl
u ComHIle BpalaroTcsl BOKPYT Hee, Kak Moka-
3aHO Ha puc. 22. Ha camorti snewmnen chepe
Ha 0OUHAKOBOM PACCTOSIHUU OT 3€MJIM Pacrio-
JIO’KEHBI 3BE3/IbI, KOTOPBIE TAKkKE BPAIAIOTCS
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Puc. 22. Teouentpuueckas
cuctema [Ironemes.

BOKPYT 3eMJIN.

OpHako ¢ TEYEHHEM BPEMEHHM TIIATEJIbHOE M3YyYEHHE JIBUKEHUS IUIaHET 3a-
TPYIHSJIO OOBSICHEHHE CIIOKHOTO MepeMelIeH s TUIaHeT Ha (poHe 3BE31. B pe3yinb-
TaTe, Korja CTajo sICHO, YTO CYLIECTBYIOILAs TEOpHsl O CTpoeHHH BceneHHoOW He
MOJKET MPaBUIBHO OTPa3UTh CTPYKTYpy BceneHHoH, BO3HUKIA HEOOXOIUMOCTH
3aMEHUTH €€ HOBOW T€OpHEll, OCHOBAHHOW Ha HAOIIONECHUSIX.

2. Vuenue Konepnuxa o cenuoyenmpuueckom cmpoenuu mupa. B XVI B. uz-
BECTHBIM MONbCKUM acTpoHoM Huxonau Konepnuk (1473—1543) mocie MHOro-
JIETHUX AaCTPOHOMHUYECKHX HAOIIONCHUN CO3MANl 2elUOyeHMPUUECKYI0 Meopuro o
ctpoeHuu COTHEUHOU CHUCTEMBI.

CornacHo 3toil Teopun, B neHTpe CONHEYHOU cucTeMbl pacnoioxeHo CoiH-
1€, a BCE IJIAHEThl, B TOM YHCJIE M 3eMJIsl, BpalatoTCsl BOKPYT Hero (puc. 23).
3BE37bl, Kak U B Teopuu [Itosiemes, HaXonATCS Ha MOBEPXHOCTU CaMOU GHewiHell
cghepwvl u HenooBuUICHbLL OTHOCUTEIBHO APYT APYTa.

Komepauk ObuT mepBBIM, KTO OOBSICHUI MPUYHUHBI TONSTHOTO JBMKEHHS TIIa-
HeT Ha (oHe 3BE3N W BpamieHHe 3eMiH B pALy APYTHX nianem 6okpye Coanya
(puc. 24).

Teopust KonepHrka o cTpO€HUM MHpa CTaja Ha3bIBaTbCS 2eluoyeHmpuyeckou
meopuei.
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[Tozke BKJIAA B pa3BUTHUE TEIUOLCH-
TPUYECKON TEOpUH BHEC WM3BECTHBIM HTa-
JBSHCKUNA yu€HBI U unocod [ocopoaro
bpyno (1548-1600). OH cumrai, 4To 3BE3-
JIbl HAaXOMASTCS HAa Pa3JIuYHOM pPACCTOSHUU
ot Coinnna, yro CoyHIle HE SBIISICTCS IICH-
TpoMm BcenenHoii, a BCero Juiib OHa U3 €€
3BE3/1, ¥ BOKPYT 3BE3/ TakkKe MOTYT obOpa-
aTbCs IUIaHEThl. JlampHENIMe acTpoHO-
MUYECKHUE MOATBEPIUIIU €r0 MPABOTY.

B ¢opmupoBanuu mpencraBieHU O

CTPOCHHUHU Bcenennoit ects Oomblas 3a- Puc. 23. [enuonienTpudeckas
clIyra ¥ Hallero COOTEYECTBEHHHMKAa — Be- CHUCTeMa CTPOCHHS MHUPA.
JUKOTO Yy4yeHoro A6y Paiixana bepynu (B nentpe — ComnHire).

(973-1048). bepynu nokasan, 4To IJIaHE-

TeI Mepkypuii 1 Benepa ve MoryT ynansarbes ot ConHIa Ha OONbIITNE PACCTOSHHS
Y, OCHOBBIBAsICh HA HTOM, IPHUILIET K MPAaBWIBHOMY BBIBOAY O TOM, 4YTO OHH Bpa-
marorest Bokpyr Comana (puc. 25). Hecmotps Ha 10, uto bepyHu 011 CTOpOHHU-
KOM T'€OIIEHTPUYECKOM TEOPUH, €ro BbIBOJI O BHYTpEHHUX IutaHerax (Mepkypuil u
Benepa) B IX B. ObUT IepBBIM IIAroM B MOHMMAHUH TEIHOICHTPUIECKON TEOPHUH.

Opbura
Mepkypus

153
Puc. 24. OObsicHeHUEe BUIUMOTO Puc. 25. Tlpencrasnenust bepynu o ctpoeHun
MOMSTHOTO JBHYKEHHS [UTAHET. mupa. CornacHo uM, CosiHIe BMECTE CO

CBOMMH CIIyTHHUKaMH — MepKypHem u
Benepoii — Bpamaercst BOKpyT 3emilu.
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§ 19. Macmradosbl u coctaB COJTHEYHOH CHUCTEMbI

C oObextamu CONHEUHON CHCTEMbI MBI BIEpPBHIE MMO3HAKOMHIIMCH Ha ypOKax
npuponoBeaenus. M3sectno, yto ComHie — caMmoe OOJBIIIOE CBETHIIO STOM CHUCTe-
Mbl. Ero nuametp B 109 pa3 Gonbiie quamerpa 3emiu, macca Comnna B 330000
pa3 Oombiie maccol 3emnu (puc. 26). Bokpyr ConHia oOpamaercss 8 OONbIINX
IUTaHEeT, OPOUTHI KOTOPBIX JIEKAT B OMM3KUX APYT K JAPYTy IUIOCKOCTSAX U KOTOpbIE
UMEIOT pa3jInyHble nepruosl ooparieHus Bokpyr Comnnua. B coorBercTBum ¢ pac-
crossHUsIME 0T COJHIIA TUTAaHETHl PACIIONOKEHBI B CIEAYIOIIEH MOCIe10BaTeIbHO-
ctu: Mepxyputi, Benepa, 3emns, Mapc, IOnumep, Camypn, Ypan u Henmyn.

Haxonsmasicas moutu Ha camoil rpanuue ConHeuHO# cucteMbl riaHera He-
NTYyH pacnojiokeHa or CosHIa Ha paccTosHuH, oyt B 30,1 pa3 npeBocxoasieM
paccrosiHue ot 3emuin 1o ConHua. Ecnm pacctosHue ot 3emun go ConHua co-
craiseT npumepHo 149,6 muiH kM, To Hentyn ynanen or ConHia Ha paccTOsHUE
4495 mmH kM. s TOTO umobwul docmuenyms 3emau, coiHeyHoMmy ceemy mpeoy-
emcsi 8 munym, Toraa kak 10 HentyHa COMHEUYHBIM CBET MPUXOIUT IPUMEPHO 3a
4,5 gacos (puc. 27).

Kpome stux Oompmmx IiaHeT, B o0nacTu Mexay opoutamu Mapca u FOmu-
Tepa Bokpyr ComHIa 0OpamaioTcsl THICSYM MajbIX IJIAHET C pa3MepamMu OT He-
CKOJIBKMX COTE€H METPOB J0 HECKOJIIBKUX COTEH KUJIOMETPOB.

[To o4eHb BBITSHYTHIM AIUNTHYECKUM opOuTaM BOKpYT ColtHIIa 00pamaroTcs
«XBOCTaThI€ 3BE3/BI» — KOMembl, TBEPAOE PO KOTOPHIX OKyTaHO OOJAaKOM rasa.

£ i ‘f‘r‘t‘t
:rtr:gvr

330 000

Puc. 26. Conocrasienue Macc CoitHIIa 1 3eMIIH.
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[osc
Koitnepa

Hentyn
~ = = 84 (30,06 2.¢.)
[osic acTepon-| =8 ,

noB (2,8 a,f:\,) o

Mepxkypunii ConHIe
(0,39 a.e.)e"

[lnyTon
¢ VYpan (39,53 a.e.)
e (19,18 a.e.) d

Puc. 27. MacmitaObl COHEUHON CHUCTEMBI (a.€. — aCTPOHOMUYECKAst SAMHUIIA).

XBOCTBI KOMET 00pa3yroTcsi npu ux npubmbkernd K COJIHIly 1 B OCHOBHOM Ha-
IPaBJICHBI B IPOTHBOMOJIOKHYIO 0T CONHIIA CTOPOHY.

B npenenax Connaeunoii cucreMsl BOKpyr CONHIIA TakKe 00palaroTcsi MHOTO-
YHICIICHHBIC MaJIble KOCMUYECKHE TeIa, OHU HAa3bIBAIOTCS Memeopamu.

Xots tutaneTsl COMHEYHON CHUCTEMBI SBISIOTCS BECbMa KPYHMHBIMH KOCMHYE-
CKMMU TeJaMH, WX Pa3Mephl MO CpaBHEHHIO C pa3mepamu CoNHIIA OYCHb MAIbI.
[InaneTsr U Ipyrue KOCMUYECKHE TEla MMEIOT COBOKYIHYIO MacCy, COCTaBJISIO-
uryto okoiso 0,15 % ot maccel ConHeuHol cucteMsbl, Ha Maccy CoHIa TPUXOAUT-
cs 99,85%. IMoatomy ComnHile siBAsSieTCS MPUYMHON ABUkKeHUsI Bcex Ten ComHeu-
HOM CHCTEMBI.

§ 20. Kondurypanuu rmjiaHer u yCJ0BUSA
UX BHIUMOCTH *

B3aumHoe pacnionoxeHue IMiaHeT, IBUKyIuxcs Bokpyr CoinHia, npu Halmro-
JICHUH UX C 3eMJIM, COBEpUIAIOIIEH CBOE COOCTBEHHOE JABMKEHHUE [0 OpOUTE, BbI-
IJISLIUT AOCTAaTOYHO ciioxkHO. Habmronaemble ¢ 3eMiu MOJI0KEHUs IJIaHET OTHOCH-
TenbHO CoJHIIA HAa3BIBAIOTCS UX KOHPUYPAYUAMU.
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PaccMoTpuM KoHGUrypanuu AByX IUIa-
HeT. Ha puc. 28 cxemarndecku m300paKeHbI
opoutsl aByx miuaHeT COJIHEYHOW CHUCTEMBI.
OpOurta ogHOW M3 HUX — 3TO OpOUTa BHY-
TPEHHEH MIaHeThl (TaK Ha3bIBAIOTCS ILIaHE-
ThI, OPOUTHI KOTOPBIX JIeXKAT BHYTPH 3€MHOM
op6uTsl, Hanpumep, Mepkypuii u Benepa).
Opbuta apyroii — 3T0 opOuTa  BHEUIHEH
IUTaHEeTHl (TaK Ha3bIBAIOTCS IUIAHETHI, OpOu-
ThI KOTOPBIX JIEKAT BHE 36MHOU OPOUTHI).

Ecnn BHyTpeHHss IulaHeTa HaxXOAMTCS B
OHOM M3 YETBIPEX YKA3aHHBIX HA PUCYHKE

Puc. 28. Koudurypanuunu mianer
U YCIIOBUSI BUIUMOCTH.

TOYEK, TO TOBOPSAT, YTO OHA HAXOJUTCSI OTHO-
cuTenbHO 3eMiu B HuodicHem (1) wnu eepxnem
(2) coenuaennn ¢ ConHIIEM, B HanOOJBIICH
BocTOuHOM (3) W HambombIIeH 3anaouou (4)
anoneayuy. BOMM3M HIDKHETO M BEPXHETO COCAMHEHUS BHYTPEHHHUE IUIAHETHI HE
BUJIHBI — OHU TepsArOTcs B iydax ConHia. B BOCTOYHOMN 3IIOHTAIMN ATH TIAHETHI
HaOmoMat0TCs BeuepoM nocie 3axoaa ColnHia, a B 3anaAHON JIOHTAIlMA OHU BH/I-
HBI TTO]T yTPO.

Ecnu BHemHss tutaneTa HaxonuTcst B Toukax (5), (6), (7), (8) coeit opOUTHI,
TO OHA BUIHA C 3eMiH B coedurenuu (5), B npomueocmoanuu (6) 1iaHera, B 60c-
mounot (7) u B 3anadnoti (8) KBagparypax cCOOTBETCTBEHHO. B Touke (6) oTHOCH-
TEJbHO COEAMHEHUs MJIaHeTa HaXOAUTCs o yriioMm B 180°.

B coegunennn ¢ ConnueM (5) miuaHeta OyeT He BUIHA Ui HAOIIOIAIOIIETO
¢ 3emun. B nepuone nmporuBocTosiHus (6) miaHera OyAeT HaXOJUThCS HAIPOTUB
Comnnna, 3TOT nepuoj, Hanbosaee OIaronpusTeH Ui aCTPOHOMUYECKUX HaOIroIe-
HUH, TaK Kak IUIaHeTa OyJeT BHUJHA BCIO HOYb. B KBaapaTypax yroia Mexmy Ha-
npaBiieHUsIMU Ha iaHeTy W Ha ConHue paBeH 90°. Ecnu miaHeTra HaxoauTcs B
BOCTOYHOM KBajparype, To €€ MOKHO HaOMI0AaTh ¢ Beuepa 10 MOIyHOUH, a €CIIH B
3arajiHON KBaJlparype, TO ¢ MOIYHOUH JI0 yTpa. B coequHeHnn BHENTHSS IUIaHEeTa
Tepsiercst B mydax CoHIIA, HAXOASACh OT 3eMJIM Ha HAarOOJIBIIIEM PaCcCTOSTHUH.
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§ 21. llepuoas! aBuKeHUs MIaHeT BOKpPYr CosiHua *

Bce mnanersr aBmwxkytcs Bokpyr CosHIIA B HampaBlIeHHM C 3arajga Ha BOC-
Tok. Tak Kak OHM HAXOIATCS HA Pa3IMUYHBIX paccTosHUsX oT CoiHIA, TO U Bpe-
Msi ux obOpamenusi Bokpyr ConHua sBisieTcs: pazinuyHbiM. brmwkaiimme k ComH-
Iy BHYTPEHHHUE TUIAaHETHI ABIKYTCS BOKpyr ComHna ObicTpee, Oornee ynajieHHbIE
BHEIIHME TUTAHETHI UMEIOT Oonblee BpeMs oOpamienus. Hampuwmep, Ommkaimas
k Comnny mnanera Mepkypuii coBepiraeT oguH 000pot Bokpyr Comnima 3a 88
nHel, mianera Hentyn — 3a 165 net. CKkopocTy UX ABMKEHUS TAKKE Pa3INYHbL.

B npunoxxenuun npuseneHa tabnuia, B KOTOPOH COOpaHbl CBEACHMSI, OTHOCS-
myecs K JIBIKCHHIO TutaHeT BOKpyr CoiHIa, M MPUBEACHBI BETUYHUHBI YIIOB, 00-
pa3yeMbIX IUIOCKOCTSIMH UX OpOHT ¢ skimnTukoi. Kak BHIHO M3 TaOmuiel, Bce
TUTAHETHI IBMOKYTCS TI0 OpOMTaM, OTM3KUM K DKJIUTITHKE.

Cuoepuueckum nepuooom odpauieHus miaHeTsl (7y;) Ha3bIBAIOT MPOMEKYTOK
BPEMEHH, B TEUEHUE KOTOPOTO TUIAHETA COBEPIIAET OAMH TOJHBII 000pOT BOKPYT
Comnnana no cBoei opoute. Curoduueckum nepuodom oOpamieHus: iaHeThl (Sy,)
Ha3bIBAIOT MPOMEXKYTOK BPEMEHH MEXKAY €€ IByMs TOCIEIOBATEIbHBIMH OJIHO-
UMEHHBIMH KOH(DHUTYpaIMsIMH, T. €. MEXIY JByMs MOCIIEI0BATEIbHBIMU COCINHE-
HUSMH, JIOHTAIUSIMU WIIM IPOTHBOCTOSHUSIMU TUTAHET.

CHHOIMYECKHIA TIEPUO]T TUTAHETHI, CBSI3aHHBIN C IBUKCHHUEM 3eMJIH, HAXOHT-
Csl B IIPOCTOH MaTeMaTHMYeCKOW 3aBHCHMOCTH C CHUIEPUYECKUM MEPUOAOM 3eMIH

(Tp) ¥ cugepuyecKuM MEePUOOM IJIaHeThI 3a CyTKHU (71,). Tak kak cyToyHoe yrio-

BOE€ IEpEeMelIeHNe BHYTPEHHEH TUIaHEThl TI0 OpOUTE pPaBHO 3 600, 3emin 3600, TO
i} @
360° _ 360° B 360° - L :i_i ’
Snn Tnn T@ Snn T;m T@

T.C. pad3HOoCntb MCKAY ICPCMCUICHUAMUA 3eMIIH U IUIAHETHI 3a CYTKH 6YZ[eT paBHa
CYTOqHOﬁ JA0JIC CUHOAWYCCKOTO IEpUoJa IJIaHCThI. OTCI'OI[a HaXxoouM CHICPHYC-
CKHI nepuona 06paHICHI/I$I IIJIaHCTHI. I/ICXOIISI N3 BBIIICIIPUBCACHHOI'O YpaBHCHUA,
MOJKHO HaMTH CI/UlepI/IlIeCKI/Iﬁ MCPUO IMIAHCTHI:

_ T@ 'Srul

HJT_—.
Ty +S,,

1 1 1
JI)1s BHeIITHUX IUIAHeT — = — — —
T. T

i ] i

37



T@ ' Snn

orctona [ =—.
Srm - T(-D

Bomnpocsl u 3axanust

. OOBsicHUTE pa3HHIly TEONCHTPUYCCKONW W TEIMOICHTPUYECKON TEOpHH CTPO
Hus BeenenHol.

. Kak Ha ocHOBaHWU TeMMOIIEHTPUYECKON TEOPUH OOBSICHSIOTCS IBWKCHUS ILL
HeT Ha (pOHE HeNOABMKHBIX 3BE311?

. Kakue HoBbIe uen o crpoenuu Beenennoit Boickaszan JxxopaaHo bpyHo?

. Hapucyiite mogens crpoenust Becenennoii no bepynu.

. Bo ckonbko pa3 muamerp u macca ConHia oosbie 3emn?

. B kxakoii xoHpurypamnuu ObIBalOT BHEIIHWE M BHYTPEHHUE IUIAHETHI, JBUTAS
BOKpyr ConHua?

. YTo Ha3bIBaeTCS CUHOAMYECKUM MEPHOIOM IIIAHET?

. Kak onpenensercs cuaepuyeckuil neprosl MIaHeT Mo UX CHHOAUYECKOMY
nepuoay?

TEMA 8. § 22. CyTouHbIii M CYyTOYHO-TOPU30HTAIbHBII
napaJjake. OnpegejieHue pacCTOSTHUM
10 HeOecHbIX Tes CoTHeYHOH CHCTEeMbl

1. Paccrostnust 10 ten ColHEYHOM CHCTEMBbl, B YACTHOCTHU JIO IIAHET, MOYKHO
ONPEAENIUTh C MOMOIIBIO TAK HA3bIBAEMOTIO CYMOYHO20 NAPAIAKCA.

Ot nebecHoro cetuna (M) k nentpy 3emnu (O), 10 TOYKH MecTa HaOIrOMIe-
Hus (K) Ha MOBEPXHOCTU 3e€MJIM MPOBOAUM JIMHUU. YTOJI C BEPIIMHON B IIEHTpE
CBETHJIA M CO CTOPOHAMM, HAIMPABICHHBIMHU K LEHTPY 3eMJI U B TOYKY HaOIrOIE-
HUS, €CTh cymoyHbll napannakc (puc. 29). OH o4eHb Mall, ero ayra u3Mepsercs B
CeKyHax.

Jlnst ompeneneHus yriia CyTOYHOTO Mapajulakca CBETHJIa HY)XKHO HaOIonaTh
ceetwiio ¢ AByx Touek (K u C) onpenenénnoro mepuauana 3emin. Ha ¢one na-
n€kuX 3BE3M 3Be3aa OyneT BUIHA B IByX Toukax (M, u M,). Ecnu 1o OTHOLIEHUIO
K HaOJoAaTesto 38e3/1a OyJIeT HaXOAUTHCSI Ha TOPU3OHTAJILHOM JIMHUY, €€ mapai-
nakc OyleT CyTOYHBIM TOPU30HTAJbHBIM HapajuiakcoM. Ha ocHoBe mapasuiakcu-
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YCCKHUX CABUTOB MOJKHO OIIPCACIUTL YTOJ M,

M,
p¢ TOPU3OHTAJIBHOIO Mapajjlakca U OIpe- 7 1
JICIIATh PACCTOSIHUE 0 IJIAHETHI: 7 M
. R
sin py/=—%>
L
R 206265
orciona L=—"—= * R, , TIOCKOJIb-
sin p, Do

Ky Po — U3MEpSAETCSl B CEKYHIHBIX Jyrax u
MOYKHO 3amucarb: sinpy”=p,-sinl”, sinl”"=
1

_ Puc. 29. Cyrounsii (p)
206265 CYTOYHO-TOPU3OHTANIbHBIN (o)
2. B HacTtosIiee BpeMsi pacCTOSTHUE 10 napaiiakc CBETHIIA.
HeOecHbIX Tenl COJIHEYHOW CUCTEMBbI MOXK-

. 3nech Rg — paguyc 3eMiu.

HO ONPEIEIUTh METOIOM PAJUOIOKALIAH.

Ecnm Bpems, 3a koTopoe paguoCUTHAN (3JIEKTPOMArHUTHAs BOJHA), OTIIPaB-
JIEHHBIN ¢ 3eMJId Ha KaKyro-TH0O0 TIaHeTy MpoiAET Tyjaa u oOpaTHO paBHO f, €ro
IIyTh paBeH 2L, a CKOPOCTh PacCHpOCTPAHEHUS PAJMOBOIHBI paBHA CKOPOCTH CBE-

2L
Ta, MOXHO 3allUcaTh C = - TOT/Ia PACCTOSIHUE J10 HEOECHOTO Tena Oyner

Loc
2

VIMeHHO TakuM METOIOM OIPEEIICHBI PACCTOSIHUSA OT 3eMJIA 10 HEOECHBIX Te
ConHeuyHoll cucteMbl, Hanpumep, paccrossHue a0 Connna (1 acrpoHoMuyeckas
enuauna = 149 598 500 km) onpeaeneHo ¢ OONBIION TOYHOCTHIO.

§ 23. Onpenesienne paanycoB HeOEeCHBIX TeJl
CosHeuHoM cucTeMbl **

JIyst TOrOo 4TOOBI ONPECIIUTh HCTUHHBIN paanuyc 7 HaOMogaeMoi ¢ 3eMIH Ii1a-
HETHI, Hy’)KHO OTIPEICTUTh €€ CyTOUHBI TOPU3OHTAIBHBINA Tapajiakc p, Torna us3
npsiMoyrojsHOro TpeyrojabHuka OEP (puc. 30) umeem:

OE R,

sinp,=—=—
Po=0or~ 1L
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N3 npsmoyronsHoro tpeyroiabHuka OPO'
JUIs yIJIOBOTO (BHAMMOIO pajauyca p IuUia-
HETbl HaXOAMM:

’

oP
r, HaxoguM: r=Lsinp. [loxcrapnsis 3Haue-

HUE L HAJEHHOE B MPEIbIAYIIEM Haparpa-
de, ompenensieM paamyc IUIAHETHI () TO

. r
sinp = = 7 Tloncrasists 3HaueHHE

bopmyre:
Puc. 30. Metox BeruMCiIeHUS
. Ry .
pannycoB HS6€CHI:IX Ten r=Lsinp=—2—sinp
ConHEYHOH CUCTEMBI. sin p,

Bripaxast po 1 p B CeKyHIaxX IyTH, OJIy4aeM UCKOMYIO (popmymy

R@ p”

r = r”
Po
MOCKOJIBKY SInpy =po - sinl”, sinp”=p - sin1".
Ecnu BumuMeBIil paamyc HEOECHOTO Tella JIOCTATOYHO OOJBIION (Hampumep,
Juist JIyHbl), TO O HETO PAacCTOSHUE:

R4 -206265
y=——7—-58In
Po

Bomnpocs! u 3axanus

. Kakoit yron neGecroro tena CoslHEUHOW CHCTEMBbl HA3bIBA€TCsl YIVIOM Map
Jakca?

. Kak onpenenstorcs paccrosiaust 10 HeOecHbIX Ten COTHEYHON CUCTEMBI?

. Kak ¢ ucnonp3oBaHueM MeTona paavoSIOKALUU ONPEAEISIIOTCS PAacCTOSHUSA
HEeOeCHBIX Ten?

. Kak omnpenenuts pasmepsl (paauycbl) HeOecHbIX Tesl COJNHEYHOW CHUCTEM
Kakue napamerpsl HeOeCHBIX Te1 HEOOXOAUMO ONPEAEIUTh AJIs 3TOro?

. 3anmmmte GopMyIbI ISl BEIYMCICHUH paaunyca (7) IIaHeThl, €CIH U3BECTHBI
CYTOUYHBIN TOPU30HTAIBHBIN Napauiake (Po) U BUAUMBIN paguyc (p)?
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TEMA 9. § 24. EnMHULBI PACCTOSTHUSI B ACTPOHOMUM

B actponomun BeIpakath paccrosHus 10 HeOecHbIX Ted B CU — MexayHa-
POIHOM cHCTeMe eUHUIL (B METPax) HEYIOOHO, TOATOMY B aCTPOHOMHUH MTPUHSITHI
CHelMaIbHbIe €NHUIBI PACCTOSHUN:

1. ActpoHoMuYecKasi eIMHUIA (A.e.) — CpEJHEE PACCTOSIHUE OT 3eMJIH 110
Connua ~ 149,6 mnH kMm; OTa eIMHUIA HCIOJIB3YEeTCS, B OCHOBHOM, JJISI BbI-
pakeHus paccTosiHMM 10 HeOecHbIX Ten CoNHEYHOI cUCTeMbl (TJIaHET, KOMET,
JlyHsl u 1p.).

2. CBeTtoBOIi roj (€.I.) — pacCTOsIHUE, KOTOPOE CBET MPOXOoAMT 3a 1 roxa. g
TOTO YTOOBI HAWTH ITO PACCTOSIHHE, CIEMYyeT HAWTH YUCIO CEKYH]I TPOIHUYECKO-
ro roga: 365,2422-24-3600 c, rne 365,2422 nponomKUTEIbHOCTh TPOITUYECKOTO
rozia. 24 yucnio yacoB B cyTkax, 3600 4ucio ceKyH/ B yace, U YMHOXKUTh Ha CKO-
pocTh cBeTa ¢ 299792,458 km/c. Takum oOpa3om, cBeToBOM 1o 9,46 - 10'2 kM.

3. Ilapcek (OT «mapajulakc» M «CEKyHJia») — PAcCTOSIHME A0 3BE€3JIbl, TOJNY-
HBII Tapajuiakc KoTopoii paseH 1”.

I nk=3,26 c.r.=206265 a.e.=30,86-10'? km.

Paccrosinust B acTpOHOMHMM U3MEPSIIOT U B O0Jiee KPYIMHBIX €IMHULAX; KUIJIO-
napcek — 1000 nk, meramapcek = 10° nk. X ucnons3ytoT /i BeIpaKeHHs pac-
CTOSHUH HEOECHBIX TeJ, Haxoasmuxcs 3a mnpeaenamMu CoOJIHEYHONW CHUCTEMbI
(3BE311, 3BE3AHBIX CKOIUIEHHM, TYMAHHOCTEH U T.J.) U pa3MEpPOB BHEUIHUX rajakx-
TUK U PaCCTOSTHUNA MEXTy HUMH.

§ 25. 3akonb1 Keniepa

B XVI B. B pe3ynbrare MHOTOJIETHHX aCTPOHOMHYECKUX HAOIOJACHMIA aar-
ckuii actpoHoM Tuxo bBpace (1546—1601) moOuics IPEeBOCXOMHBIX PE3yJIbTaTOB
B OIPEEIICHUU PACIIOIOKEHUS IUIAHET, ONpenensas UX ¢ TO4HOCThIo a0 2'. Ilon
TaKUM YIJIOM Ha paccTostHuu 17 M BUAHO Teno JuiuHOoM 1 cM. B TeueHune Heckolb-
KUX JIeT B HaOMIOEHUAX, KoTopbie npoBomwmmck B [Ipare, BMecte ¢ Tuxo bpa-
re NpUHUMAal y4yacTHe NPUIIAIIEHHBIA UM TaJaHTIMBBIM HEMELKHUH acTpOHOM
Hoeann Kennep (1572—-1630). [locne cmeptu bpare Bce pesynbTaTbl €ro MHOIO-
JIETHUX UCCIEAOBAHMUM OKa3aauch NJOCTynHbI Keruepy.
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Puc. 32. 3a paBHbIE IPOMEKYTKU
BPEMEHHU PAJANyC-BEKTOD IIAHETHI
OIUCHIBAET PaBHBIE IUIOLIAH.

Puc. 31. JIBrxeHne naaHeThl 1O JILTUIICY.

Kerep octajicst BepeH CBOEMY YUYHUTEIIO W TIPOjean OOJBIIYIO BBIYHCIIN-
TEIbHYI0 PabOTy MO OMpeEACIICHUI0 paccTossHUM Mex Ty 3emuieid u ComHiiem, Map-
com u ConuueM. [lepBoHayalbHO OH TPEIIONArall, YTO IUIAHETHI OOPAIIAIOTCS
BoKpyr CoJjHIIa 10 KPYroBbIM OpOHWTaM, HO 3aTeM, B pe3yJIbTaTe WU3ydCHHUs JIaH-
HBIX HaOmoaeHui Tuxo Bpare m cBOMX COOCTBEHHBIX, OH YCTaHOBHWJI, uTO Mapc
nBrKeTCs BOKpYr COJIHIIA 0 SIUTMITHYECKON opOuTe. DILIUIC — 3TO 3aMKHYyTas
KpUBasi, PEACTABIISAIONIAs COOOH CyMMY PacCTOSIHUN OT KakoW-JIOo e€ Touku (B,
C, D) no AByX JaHHBIX TOYEK, Ha3bIBaeMbIX (oKycamu rununca F; u Fs (puc. 31).
DTa cyMMa TOCTOSIHHA UM paBHA BeIUYMHE Ooabuiou ocu Al tne A Ha3bIBaeTCs
adenuem, a /1 — nepurenuem:

a1+b1=a2+b2=a3+b3=2a=const

OTpe30K, COeTUHSIONIMN TOUKY 3JUIMIICA C OJJHUM M3 ero (POKycoB, Ha3bIBAECT-
csl paouyc-eekmopom TouKd. OOGOOUIUB pe3yabTaThl CBOMX MOYTH 24-JTE€THUX HC-
cienoBaHuii, Kerep OTKpbII TpU 3aKOHA IJIAHETHBIX JBUKEHHH, KOTOpbie (op-
MYJIUPYIOTCS CIAEAYIOUUM 00pa3oMm:

1. Kaxxnas u3 maner nBuxkercs Bokpyr CosHIa [0 3JUIMIICY, B OHOM U3 ¢o-
KyCcOB KoToporo Haxoaurcst CosHIe.

2. Panmyc-BekTop IUIaHETHI 32 paBHbIE MPOMEXKYTKH BPEMEHU OIUCHIBAET PaB-
HbI€ TUToImamu (puc. 32).

3. KBagparsl cujepuyeckux MepuoioB oOpaieHusi miaHeT Bokpyr CosHia
MPOIMOPIIMOHATBHBI Ky0aMm OOJBIINX TOTYyOCel UX OpOUT.
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2 3
L _a

2 3

T, a,

Ecnu 3a enuHuLly BpEMEHM MPUHATh OOWH 3BE3IHBINA IOM, a 3a €IWHUIYYy pac-
CTOSIHUS — cpenHee pacctosiHue ot 3emiu a0 ConHia (1 acTpoHOMHUYecKas: eau-

HUI[A), TO Tieproa oOpamieHus: BOKpyr CoHIIa KaKoW-ITHOO TUTAHETHI MOYKHO BBI-
YUCJIUTH 110 (hopMmyIie:

T? (ron)=a (a.e.).

§ 26. Onpenesienne Mmacc HeOeCHbIX Tea *

Macca 3emnu nnanem. 3akOH BCEMUPHOTO TATOTeHUs HbIOTOHA 1am BO3MOXK-
HOCTh OMPEIEATh BAXKHYIO XapaKTEPHU3YIOIIYI0 BEIMYMHY — Maccy HeOeCcHOro
tena. B wactHoCTH, onpenenisisi Maccy 3eMJIM Ha OCHOBE 3TOTO 3aKOHA, UCIIONb3YS
CBSI3b MEXKJIy CKOPOCTBhIO CBOOOHOTO TMaJeHUS M Maccoi 3eMJIM, Mbl MOXXEM Ha-
MMCATh:

GM

g

9

3necbk: M — macca 3emnn; R — e€ paauyc; G — TpaBUTAIMOHHASI MMOCTOSHHAs.
[loncraBnsist ux 3Hauenus (g=9,8 m/c?, R=6370 kM, G=6,67 10"""H -M?/kr?),
omnpenensieM Maccy 3emuu: M=6-10% kr.

Ecnu ocTraHOBUTBCS Ha BBIYMCIEHUM MacC HEOECHBIX TeJ, TO JI OImpejesie-
Hus ucnonbiyetcs 111 3akon Hetorona, 0000mEnHbIN (yTouHEHHBIN) Hhl0TOHOM:

Yi (Mg +m,) _a_13
TZ2 (M +m,) ag

3necw: ana 1) u T, — cunepudeckuil nepuon (nepuos BpamieHus Bokpyr ComHiia)
JIBYX MPOU3BOJIbHBIX IU1aHeT; M — Macca ConHua; m, U m, — Macchl BbIIICHA3BaH-
HBIX IUJIAHET, d; U d, — OOJIBIINE MOITYOCH UX OPOUT.

Hcnonb3yst yHUBEpCAIbHOCTh ATOrO 3aKOHA, MOXHO BBIUMCIUTH Maccy JIO-
6oii apyroit miuaneTsl. CorniacHo TpeThbeMy (yTouHeHHOMY) 3akoHy Kerutepa (III),
CPaBHUBAIOTCS JIBM)KEHUE CITyTHUKA IJIAHETHI, MACCy KOTOPOTo TPeOyeTCsl BHIUMC-
JUTh W JIBW)KEHUE CIyTHUKA 3eMJIM (CpaBHHMBAIOTCS MEPUOJbI M OOJBIIME MOJY-
OCH UX OpOUT), B UTOTE:
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2 3
T, m +m a

= —>

2 3
Ty mg+tm, a,

3nech: Tny U Tg — IEPUOABI BPAILIEHUS CIIYTHUKOB IJIAHETHI U 3€MIIU, My, U Mg —
MAacChI TUTAHETHI U 3€MJIH, M| U M, —MAaCChl UX CITyTHHUKOB, di U d; — OOJIBIINE TI0-
JyOCH OpOUT CITYTHUKOB (TIPUPOTHBIX MIIM UCKYCCTBEHHBIX ) IJIAHETHI U 3EMITH.

[TockonbKy OOBIYHO MAacChl CITyTHHKOB TOpa3fo MEHBIIE MAacChl IUIaHET (Ha-
npuMep, Macchl 3emiid U e€ crmyTHuUKa — JIyHbBI), €ciii B35STh BMECTO 71, Maccy
CITyTHUKA 3€MJIM, TO MOXKHO HANUCATh: My, >>Mm,, Mg >>m,. Torna nokazaHHas
BhIme ¢opmyna (6e3 yuéra m; u m,) OyaeT BBIVISIIETh Tak:

3 2

3neck T, Tui, @1 U @2, COOTBETCTBEHHO, MapaMeTPhl IEPUOJOB U OOIBIINX MOTY-
ocell OpOUT CITyTHUKOB TIJIAaHETHI 3eMJIsl.
Maccy ComHIla Takke HECI0KHO Oy/IeT BBIYMCIUTE M0 hopMyIie:

2 3
15 . Mo+mg  ag

2
T m@ + mm.c. a

u.c.

2 3 3 2

My [Tl % | wm M =P |. T
- O @

Mg, T® Ay, Ay, T@

3neck Mo u mg — maccel ConHila u 3emiid, Tg U ag — NEPUO BpalleHUus: 3eMiIu
BoKkpyT CousiHIa ¥ OoJbIas Moiayochk OpoOUTHI; Ty. U @y TMEPHOA U OOJbIIAs MO-
JyoCh OpOUTHI UCKYCCTBEHHOTO CITyTHUKA 3EMJIH.

BOl'lpOCI)I H 3aJaHusA

. Kakas 3amKkHyTas KprBas Ha3bIBAa€TCsl HIUIUIICOM?

. Pacckaxxure o nepBom u BTopoM 3akoHax Kemepa.

. Kakas cBs3b cyliecTByeT Mexay HepuoJoM IUIAHEThl U OOJBIION MOTYOChIO
opouts! 1o 111 3axony Kerepa?

44



4. 3anumute u o0bscHUTE Maremarnueckoe BbipaxkeHue III 3akona Kemnepa. K
Ha OCHOBAHUU 3TOTO 3aKOHA BBICUUTHIBAIOTCS Macchl Tesl CONHEYHON CHCTEMBI
S. Kak no Bennumnam maccsl 3emiu onpenensercs macca ConHua?

TEMA 10.  § 27. 3apaua aByx teJ. KocMuveckue ckopoctu

HproTOH n0Ka3an, 4ro moj JEeHCTBUEM 3aKOHA BCEMUPHOTO TATOTEHUS ILIaHE-
Thl Bpamarorcs BOKpyr ConHua cornacHo 3akoHaMm Kerutepa. HproToH yTouHMi n
0000mmn mepBhIit 3akoH Kemnepa, mokazan, 94To B ONPENEICHHBIX YCIOBHIX MO
JICCTBUEM TATOTEHHUSI OIHO HEOECHOE TEJO JBMKETCS B TMOJIE TSATOTEHHS APYTO-
ro HEOECHOro Teja MO OIHOMY M3 KOHMYECKHMX CEYEHUI — OKpYKHOCTH, Iapadose
WY TUnepoosie, a He TOJIBKO I10 JUIMICY Kak otMeTni Kemep.

B wactHoctn, HproTOH momuepkHynl, YTO TENO HAEATbHON c]eprudecKoit
¢dopMBI, Macca KOTOPOro paBHa Macce 3eMiM, OpOIIEHHOE IO TOPU3OHTAJIb-
HOMY HAampaBJIEHUIO C OMPEACNICHHON Ha4yalbHOM CKOpPOCTBIO (puc. 33), mon
BO3/ICHCTBUEM OIS TATOTEHUs 3€MJIM MOXET BBIUTHM Ha KPYTOBYIO OpOUTY
C BEJIMYMHOW, paBHOM pamuycy 3emnu. IIpu 3TOM BenMuumHa €ro HayalabHOU
CKOPOCTH 3aBHCHUT OT pajuyca M Macchl 3eMJH M OIpeAessiercs mo Qopmye:

— GM@
V, =
R@
rac G - TpaBUTAllMOHHAsA IIOCTOAHHAsA, OHAa pPaBHA

6,67 101 Hm? pamuyc 3eminn Rg = 6370 kM, Macca
K2

3emmn Mg = 5,97 - 10** Xr 1 Ha4anpHasi CKOPOCTH OyIeT

paBHa 7,91 KM | qro Ha3pIBaeTCS nepeoll KOCMUUECKOl
c

ckopocmbuio s 3eMIIM. DTO 3HAYUT, UTO paKeTa, Moj-
HUMAIOLIASCA TOPU30HTAJIBHO C IEPBOM KOCMHUYECKOU
CKOPOCTBIO C TOBEPXHOCTH TeJia HJIeaTbHOU cdepuue- pOura JIyHsI
ckoii opmbl, 6e3 atMochepsl, ¢ Maccoi, paBHOW Mac-

ce 3eMiu, MOXKET BBINTH Ha KPYTOBYIO OpOUTY BOKPYT Puc. 33. Tpaekropus
Hero. Tak Kak cymecTByeT arMocdepa 3eMitu, Teo, Ha- JIBUYKCHUSI TEIl B TOJIE
XOAUBIIIEECS HAa BbICOTE HEe MeHee ueM 150 kM ot 3eM- TATOTEHHS 3EMIIN.
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JIM U CKOPOCTh KOTOPOI'O paBHa L = W HaIllpaBJICHA I10 KacaTeJIbHOM OTHO-

Rg+h
CUTENIFHO TOBEPXHOCTH 3EMIIH, CTaHOB&)I/ITCﬂ HCKYCCTBEHHBIM CITyTHUKOM 3€MIIH,
JBIOKYIIMMCS IO KpyroBoi opoute Haxa 3emnéit (puc. 33-1).

Ecnu HauanpHAas CKOPOCTh HCKYCCTBEHHOTO CITyTHHKA HalpaBiieHA TOPH-
30HTQJIBHO U TPHU 3TOM OOJIbIIE TEPBOM KOCMUYECKOH CKOPOCTH, TO €ro opOuTa

npezacrasnsier coboit ammunce (2, 3, 4 na puc. 33). Ipyrumu croBamu, Tpu J10-
. 2GM .
CTIDKEHHH CKOPOCTH PaBHOM V, = —z_+ FCKYCOTRCHHHIH CIYTHVK HE<HHACT
@
JIBUTATbCS. BOKPYT 3€MJIU 1O TpaeKTopuu napabosnsl (puc. 33-5). 3HaueHne Takou

ckopoctu paBuo 11,2 XM "1e (7,91 x 1,41)XM |y ona HaswsIBacTCsI 6Mmopoil Koc-
c c

MU4eckou CKopocmbio.
KM

[Ipu npeBblIeHMN HavaidbHOM ckopoctd 11,22¥ ) pcKyccTBEHHBIM CHyT-

HUK HAUYWHAET JBUTATHCS IO OTHOIICHHWIO K 3eMJle TI0 mpaekmopuu eunepooivl
(puc. 33, 6). Takoil MCKYCCTBEHHBI CITyTHHK JIBUTACTCS B OCCKOHEYHOCTH OT
3eMiid, €ro TPaeKTOpHs MPHUOIMKACTCS K aCUMITOTE TurepOonbl. Ero TpaekTo-
pHUIO0 MOXKHO OYJIET OIICHUTDH KaK MPSIMOJIMHEHHYO.

3nech pedb HAET O ABYX Teiax (3emust U e€ CIyTHHK, ABUTAFOIIMICS BOKPYT
He€ M0 TEOICHTPUYCCKOW TPACKTOPHH), YCKOPEHHE HCKYCCTBEHHOTO CITYTHHUKA,
MOJTy4aeMoe TIOJ JICHCTBUEM TPHUTSHKEHUS JPYTUX IIAHET COJHEYHOW CUCTEMBI,
U naxe nputshkeHne COTHIIA OKa3bIBACTCS CPABHUTEIBHO MEHEE CYIICCTBECHHBIM,
YeM YCKOPCHHE, MOIydacMoe MO BIUSHUEM 3eMiu. [Ipu 3ToM rpaBUTAIlMOHHOE
T10JIe OJTHOPOJHOTO Tejia UaeadbHON cheprudeckoit (GopMbl, pacmoiaokeHHOe B (Po-
KyC€ TPaeKTOPHH TeJia, IBUTAIOIIETOCS B TOJIE TATOTEHUS HA3bIBACTCS YEHMPAlb-
HbIM noJeM mscomeHus U UMEET Pl 0COObIX CBOMCTB. CuuTaercs, 4To HeOecHOe
TeJI0 MPUTITUBAET TakK, OyJATO BCS €ro Macca COCPE0TOUEHa B €ro IEHTpe.

Bomnpocskl u 3axanus

1. Kax BBIIVIAAT TPACKTOPUU TCJId, ABMXKXYILETOCS B I1OJIC TATOTEHUA?

2. Ilo kakum (opmynam ompeAesnsitoTcs MepBas U BTOpas KOCMHUYECKas CKOPOC
TeJa, JBUTAIOIIETOCs B ITOJIE TATOTCHMS?

3. [Tosie kakoro Tena MPUHATO B KAYECTBE LEHTPATIBHOTO MOJIS TATOTEHUs?
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I11 PA3JEJI. ACTPO®U3UKA U METO/IbI
EE HCCJIEJJOBAHUS

TEMA 11.  § 28. UccaenoBanune 3JeKTPOMATrHUTHOTO U3J1yYeHUSI
He0eCHBIX TeJl — OCHOBA BCEBOJHOBOW aCTPOHOMMU

Bcé, uTo n3BecTHO O U3NYECKUX CBOMCTBAX HEOECHBIX TEI, OBUIO MOIYYEHO
MyTeM M3YYE€HUS COOTBETCTBYIOIIMX 3JEKTPOMArHUTHBIX U3TYyUYEHUH ONTUYECKO-
r0 U JIPYTHX IUAa30HOB, UCXOAAIMX OT HUX. HeOecHbIe Tena B 3aBUCUMOCTH OT
CBOET0O (PU3UYECKOTO COCTOSIHHUSI M3JIYHarOT AJIEKTPOMATHUTHBIE BOJIHBI pa3jiny-
HOUM nnuHbl. Vcxonsiue U3 HUX JIy4d, C OJIHOW CTOPOHBI, HE H3IIydaroTcs Oec-
IPEPBIBHO, @ UCITyCKAIOTCS OTAEIbHBIMU KBaHTaMM, B BHJI€ MeJIpYalIINX 4acTHll,
oOmagaromux sHepruei. BuauMele myun, umeronme >Hepruto 2—3 3B, 3aHuMaror
Mayr oOnacTh Jiydeid, mpuMeHsieMbiX B acTpodusuke. C aApyroii CTOpOHBI, OHU
OTMEYAIOTCS KaK 3JEKTPOMAarHUTHBIE BOJHBI. B Bakyyme 31eKTpOMarHuTHbIE BOJI-
HbI BCETJa paclpoCTPaHSIIOTCS ¢ OJUHAKOBOW Ui BCEX BHUJOB M3IIyUYEHHUS! CKOPO-
cteio ¢=3-10% m/c. PacipocTpaHenue sryueii B KaueCTBE BOJIHBI HPOSIBIISETCS B
uxX uHTephepeHIn U AUPPAKIUHU, TTOFTOMY UX MOXKHO OXapaKTepHU30BaTh, KaK U
Tr00yI0 BOJHY, 9acTOTOU (V) M JUIMHOM (L), MEXIY KOTOPHIMH CYIECTBYET 3aBU-
CHUMOCTB:

VA=c,
IJIe ¢ — CKOPOCTh CBETA.

C nomolplo CHenualbHOro npudopa MOXKHO pa3fesiuTh AJNEKTPOMAarHUTHBIE
KOJICOaHMsI Ha CHEKTPbl Pa3IMYHBIX MO CBOMM JUIMHAM BOJH. [lpu mpoxoxneHun
Jyya CBETa 4epe3 MPO3pauHyl0 TPEYTrOJIbHYIO MPU3MY IPOUCXOTUT PA3IOKEHUE
CBETa Ha TaKHE COCTAaBIAIONIME, U HA HEHl OTpakaroTcs JIy4H, PacIoOJOKEHHbIE
B OIpENEeJIeHHON MOocieI0BaTebHOCTH. L[BeT 3TuX nydel ompenensieTcs Uin-
HaMH uX BOJH. LIBeT m3myuyeHus] u3MEHSETCsl IO MEepe YMEHbBILIEHHUS €ro JUIMHBI
BOJIHBI CJIEIYIOIIMM 00pa3oM: KPaCHBIH, OpaH)KEBbIM, >KENTbIHM, 3€JIeHBbIH, roiy-
Ooii, cunHMii, ¢uoneToBbld. YUenoBeueckuil a3 BOCHPUHUMAET JIy4YH CIIEKTpa
3JIEKTPOMArHUTHOTO M3JIy4YEHUs B Auana3zoHe MIUH BojH oT 0,4 mxm 1o 0,7 MKkM
(OT pHOIETOBOTO O KPACHOTO IIBETA). DTH JIyUd — TaK HA3bIBAEMbIC ONTHUYECKUE
Jy4H — SIBIISIIOTCS OTHUM U3 BHJIOB AJIEKTPOMArHUTHOTO M3Yy4YEHHsI, BCE OHU BMe-
CT€ COCTABJISIIOT IIKAJTy JIEKTPOMArHUTHBIX BOJH. Camble KOPOTKHE U3 3TUX BOJH
B 9TOM IIKaJie Ha3bIBAIOTCS 2amMMa JIy4amu, CaMble JUIMHHBIE — pAOUOBOIHAMU.
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N3BecTHO, uTOo armMocdepa 3emiid Mpo3payHa I BUAUMBIX AJIEKTPOMArHUT-
HBIX (ONTHYECKHX) JIydell M YaCTUYHO BUAMMBIX YIBTPaHUOICTOBBIX, HH(ppa-
KpacHBIX JIyuyel, a TakKe JUIsl Jy4yed B JMarna3oHe JJIMH BOJIH OT HECKOJBKHX
MuuMeTpoB 10 10-20 meTpoB. Bee ocTanbHbIe 2JIEKTPOMArHUTHBIE BOJHBI 1O-
IJIOUIAIOTCS PA3IUYHBIMU CIIOSIMH aTMOC(eEpPbl 3eMJIH U HE JIOXOAT IO TTOBEPXHO-
CTH 3eMJIH.

Jlo u3oOperenust ¢ororpadun TONbKO Ia3za HaOMOAATENs SBISUINCH €IUH-
CTBEHHBIM HATypaJbHBIM CPEICTBOM, (PUKCHPYIOUIMM H3Ty4deHHe cBeTmia. Kak
TOJILKO Hayall NPUMEHSTHh (OTOrpadUyecKuii METO/, CTal0 BO3MOXKHBIM (DUK-
CHpPOBATh C TOMOIIBIO CHEIHMATBHBIX (oTorpaduueckux M (HOTOIIEKTPUIECCKUX
YCTPOMCTB YacTh M3Iy4YEHHUH YIbTpaduoseToBOro M MH(PPAKpacHOrO JIUarna3oHa,
MOMIOIAeMbIX aTMochepoit 3eMin.

bnaronaps passutuio pagnorexHukud B 30—40 roasl mpouuioro Beka ObLIN OT-
KPBITBl MCTOYHUKHM KOCMHMUYECKUX paauou3iayyeHuil. B pesynbrare pa3BuBaics
paszen acTpOHOMUHU — PAMOACTPOHOMHUSI, KOTOpasi CIIY)KUT PACHIMPEHUIO HAIUX
3HAHUN O KOCMOCE.

Bo Bropont monmoBuHe XX BeKa «pOXKJICHUE» KOCMOHABTHKH IIPUBEIIO K 3a-
MyCKYy MCKYCCTBEHHBIX CIYTHHUKOB Ha opobuty 3emiid. C MOMOUIbIO YCTPOWCTB,
YCTAHOBJIEHHBIX HA HUX, ObUIM HAWJEHBI OOBEKTHI, M3Iy4alONIe KOPOTKUE BOJI-
HbI (penmeeHoB8CcKoe uyueHue u 2amma-usnydenue). B cBs3u ¢ 3TuM B nociegHue
JECATUIIETHS] CTAJI0 BO3MOXKHBIM M3yYE€HHUE MHOTMX MOIIHBIX MCTOYHUKOB H3ITy-
YEeHUsI, HAlJICHHBIX C MMOMOUIBIO CIICIMANIBHBIX PEHM2eHOBCKUX U 2AMMA MeNecKo-
108, yCTAHOBJIEHHBIX HA KOCMUYECKUX CTAHLIMSIX.

Hauanoch cucreMHoe n3yueHue HEOECHBIX OOBEKTOB B PEHTTEH U raMma Jua-
Ma3o0Hax, KaKk W B JANEKUX YAbTPapHUOICTOBHIX M WHPPAKPACHBIX TUAIa30HAX
acTpopu3uku. B pesynprare Ha CErofHALIHMNA JI€Hb aCTPOHOMHS IIPEBpaTHUIIACh
BO 6CEB0THOBYIO ACHPOHOMUIO.

§ 29. OnTuyeckne TeJaeCKONbI

Haubonee BakHBI acCTPOHOMHYECKMH HMHCTPYMEHT — TEJECKOM. Temeckomn
YBEIIMYMBAET BUIMMBIN Yrol HEOECHBIX CBETWJI M TOKAa3bIBAET UX B HECKOJIBKO
pa3 6onee yetko. [1o »ToOi MpuuKMHe TpU HAOIIOIEHUN 3BE3THOTO HEOA B TEJIECKOII
MOXHO YBHJIETh MHOXKECTBO CJ1a00 CBETSIIUXCS 3BE3JI, a TAaKXKEe TaKHE JETalu Ha
NMOBEpXHOCTH Onm3kux K 3emiie HeOecHbIX Ten (ConHia, tuianeT u JIyHbI), KOTO-
pbl€ HE BUJIHBI HEBOOPYKEHHBIM IJI1a30M,
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OOBEKTHB — OJTHA M3 OCHOBHBIX YACTEH TEJIECKOIa, UCIOoJb3yeMas sl coopa
JYYUCTOW PHEPIUM M MONyudeHus u3oOpakeHus HalOmronaeMoro o0bekta. OObek-
TUB TIPEICTABISIECT COOON JMH3Y WM CUCTEMY JIMH3, 3€pKaj0 MM CHUCTEMY 3ep-
Kaj, oOpamieHHyo K o0bekTy (puc. 34, 35). IlomyuenHoe m3o0pakeHHEe HaOIIO-
JTAeMOT0 00BEKTa MOXKET PAaCCMAaTPHUBATHCS YEPE3 OK)JAp HETOCPEACTBEHHO, WIIH
IIPOEIMPOBATHCS HA MPUEMHHMK M3JIy4eHUs — (POTOIUIACTUHKY MM (oTompeodpa-
30Bareib. B COBpEMEHHBIX TelecKomax M300pakeHUe Mpoenupyercs Ha nudpo-
BOi1 oronpeodpazoarens (I13C).

Ecin 00bekTuB Teneckona COCTOUT W3 JIMH3BI WM CHUCTEMBI JIMH3, TO TaKOM
TEJIECKOI Ha3bIBaeTCs pegppaxmopom. IlyTh syueil cBeTa B pedpakrope Mmoka3aH
Ha puc. 34. Teneckon ¢ 3epKaJbHBIM OOBEKTUBOM HA3bIBACTCS peqhieKmopoM.
[Tyth myuei cBeTa oT HabOIIONMAEMOT0 OOBEKTa B peduIeKTOpax Pa3IMYHBIX KOH-
CTPYKLIMH MMOKa3aH Ha puc. 33.

MOXHO cieayromuM 00pa3oM OXapaKTepU30BaTh BHITOIHIEMbIE C ITOMOIIBIO
TeNeCKONa 3a/1a4uu:

1. Peructpamusi mocTymampiero u3o0pakeHuss Ha Qortorpaduueckoit Imia-
CTUHKEe wunu ¢oTomnpeodOpa3oBarene, Crek-
Tporpade u T. .

2. Ionyuenue nzoOpaxkeHui HalmoIae-
MOTO CBETHJIA WJIH JPyroro HeOEeCHOro Tema = ** '
B (DOKaBHOH TIOCKOCTH OOBEKTHBA . L<

3. IlomydyeHne pas3nenbHBIX H300paxke-
HUII 00BEKTOB, KOTOpHIE M3-3a Malbix B3a- Cucrema Kaccerpena

VMHBIX PAacCTOSIHUN HE Pa3iIN4aroTCsl HEBO- -4 - L i
- Ve
}é "

OPY’KEHHBIM IJ1a30M KakK pa3ze/IbHbIC. 3’ -
ae ""=_—.“___—"__-_______ I"

00BEKTHB -

OKYyILip Cucrema JlomoHocoBa-I'epiens

Cucrema Hprorona
11

[JIaBHAS - N/ / |

OIITHYCCKasA g

-
1

0Ch p=
\ (hoxanpHas
IJIOCKOCTb Puc. 35. Cxembl 3epKajIbHBIX TeJle-
CKOMOB (pedaeKTopoB): / — OKyIsp;
Puc. 34. Cxema JIMH30BOrO TEJIECKOIA 2 — 00BbEeKTHB; 3 — MIIOCKOE 3epKao;
(pedpakropa). Xox yyeil. 3'— BBIMYKJIOE 3EpKaJIo.
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Puc. 36. TlepBslii Teneckor-
pedpakTop, CKOHCTPYHUPOBAHHBIH
lanuieem.

ol

Puc. 37. baliHsg yCTaHOBJIEHHOTO

Ha CeBepHoM KaBkase Teneckomna-pediaekropa

C TUaMETPOM 3epKaiia 6 M.

PaccMoTpuM Teneps NMpUHIMI JACHCTBHUS MpocToro pedpakropa. B Takom Te-
JIECKOIIE JIy4H, MCXOISIIMe OT HaOmromaemMoro o0ObekTa, coduparorcst B (okyce
00BEKTHBa M NAIOT M300pakeHHE Tena B (POKATBHOW TIOCKOCTH, MEPHEHINKY-
JSIPHOW TJIaBHOM OcH Teyieckoma. M3yyas monmydeHHOe M300pakeHUe C MOMOIIBIO
OKYJIsipa (BBITYKJIOW JIMH3BI), MBI BHJIUM YBEIUYCHHBIE Y3JIOBBIC pa3Mephbl HAOIIO-
naemoro HebecHoro Tena (rmanetsl, JIynsl nnn Connna). CriegoBarenbHO, Teje-
CKOII JlaeT HaM Oosiee sipkoe U OoJiee YBEITUYCHHOE H300pakeHne. SIpkocTh moiy-
YCHHOTO M300paXCHUS XapaKTEPU3yeTCs OTHOIICHUEM JuaMeTpa oO0bekTHBa D K

Puc. 38. Tlpouecc nuudoBku
3epKaja TeIecKomna AuaMeTpoM
8 MeTpoB.
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D 2
ero (hOKyCHOMY paccTosiHuio F (F) . Bu-

JUMO€ yBEJIIMYEHUE TEIECKONa OIpPeneIs-
€TCsl OTHOIIEHWEM (HOKYCHBIX PACCTOSHHUNA

B

F
00BEKTUBA U OKYJIsIpa — = .
o

Ecmum wm3o0pakeHue Qukcupyercss Ha
¢dotorutacTuHke Wik GoromnpeodpaszoBarere,
HE HYXCH OKYJIsIp, (POTOIIIACTHHKA WJIH JTHa-
¢dparma 31eKTpoHOTOMETPA YCTAHOBJICHBI B
(hoKaIbHON MIIOCKOCTH TEJIECKOMA.

[lepBoiif pedpakTop ObLT CKOHCTPYHUPO-
BaH [amuneem B 1610 . (puc. 36). llepBbiii
pednexkrop ckoHCTpyupoBai B 1648 r. Benu-
KUi aHmuickuil yuénsiid Mcaak HproToH.



Juamerp oObEeKTHBa caMOro OOJbIIOro pedpakTopa, YCTAHOBICHHOTO B
CHIA, paBen 1 M. OnuH U3 caMbIX OOJNBIIUX PeICKTOPOB C TUAMETPOM 3epKaja
6 M ycranoBieH Ha CeBepHom Kakaze (puc. 37). B V30ekucrane camblii 6071b-
o pedpaktop (ABoHHOM actporpad) umeer odcepBaropust B Kurabe, nuamerp
ero oowektuBa 40 cMm. B Kamammuckom paiione KamkamapsuHckoit oOmacTtu, B
Maliinanakckux ropax, Ha BbicoTe npumepHo 3000 M mocTpoeHa acTpOHOMHYE-
ckas obcepparopusi, peduIeKTop KOTOpoil uMeeT nuametp 1,5 m.

§ 30. OcHoBHBIEC TapaMeTPbI TEJIECKONOB **

OCHOBHBIE TIApaMETPbI, KOTOPHIC OMPEACTSIOT XapPaKTEPUCTHKH TEJIECKOIa,
3TO AuaMeTp ero oovekTuBa D u hokycHoe paccTosinue oobektuBa F. [loTok cBe-
Ta, COOMpaeMoro 0ObEKTUBOM OMpeesieTcs o hopmyse:

F=ES=FEnR?
rae £ — ocBemeHHOCTh 00BEKTHBA, S — IUIOMIA b €ro MOBEPXHOCTH, R — ero pa-

TyC.
Eme onua mapameTp, XapakTepu3yIOIINUN TEIECKOI, Ha3bIBACTCSI OMHOCUMENb-

. . D
HbIM omeepcmuem WM culol céema W omnpenensercs Gopmynoit: 4= A Ocage-

MIEHHOCTh M300pa)KEHUSI HETOYEYHOI0 OOBEKTA, CO3MaHHOr0 OOBEKTHBOM, OIpe-
nensiercst o gopmyie:
2
D
EO = k — - kA2
F

u OyzIeT mporopuuoHaIbHAa KBaJIpaTy OTHOCHTEIHHOTO OTBepcTHs. OHAKO yBe-
JMYEHUIO OTHOCHTEIHHOTO OTBEPCTHS TENECKOIA MPEIMATCTBYET BO3HUKHOBEHHE
abeppaiuy BHE TIIABHOW ONTHYECKON OCH.

[ToaTomy B peduiekTopax OTHOCHUTEIBHOE OTBEPCTHE MOXKHO crenath 1o 0,33,
a B 3epKaJIbHO-JIMH30BBIX Teneckomnax — 10 1. Emé ogauM u3 OCHOBHBIX mapameT-
POB BU3YyaJlbHBIX TEJIECKOIOB SIBISIETCA y@enuueHue TEIeCcKoma, KOTopoe onpese-
JSIeTCs Kak:
_F_B
SRt
rne F — dokycHoe paccTosiHHEe 00BEKTHBa Teleckomna, a f — (OKyCHOE paccTo-
SIHUE OKYJIspa TENEeCKOoIa, 0. — YIIOBOM pa3Mep O0beKTa MpH HAONIOAEHUU €ro

k
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HETIOCPENICTBEHHO TIa30M, [3 — yTroJj, MoJi KOTOPhIM HaOJIromaeTcsi n300pakeHue,
naBaemoe TeneckorioM (puc. 34). Takum oOpaszoMm, yBennuuBas (HOKyCHOE pac-
CTOsSTHHE OOBEKTHBA WJIM yMEHbIIas (DOKYCHOE PAacCTOSHUE OKYIsipa, MOXHO JI0-
CTHYb OONBIIMX yBeNWYCHHWH. HO 3TO HE 3HAYMT, YTO C MOMOIIBIO TEJIECKOIa
MOXHO JOCTUYb JI000r0 yBesnndeHus. Jlero B TOM, 4To 4eM Oolblie yBelauye-
HUE TEeJECKOIa, TEM MEHBIIE €ro IoJie 3peHHUs U TeM OOoJblle HCKAKEHHE H30-
Opaxennii 00bekToB. Hanpumep, B Teneckore, ypenuuusatoniem B 30 pas, JlyHa,
TuaMeTp KoTopoi 32', OyleT MOJHOCThI0 BHJIHA, a MpH yBenudueHuu Oosee 300
pa3 Jlyna BooOrie He OyneT MmoMemarhesi B MoJie 3peHusl OKyJIspa, TO €CTh Oyaer
BUJICH JIMIIb €€ KyCOo4eK (C MEJKHUMHM JeTallsiMu, KoHeuHo). [loaTomy anst poctu-
KEHHUS MAaKCHMAJbHO IOJIE3HOTO YBEJIMUYEHHUS HCHOJIB3YETCS OKYIAp, (POKyCHOE
paccTosiHue KOTOPOrO OIPaHUYEHO ONPEACTICHHBIM 3HAYCHHEM.

MaxkcuManbHO TMOJIE3HOE YBEIMYEHHE OOBIYHOTO TEJIECKOMa PaBHO YIBOCHHO-
My 3HAUEHHIO JMaMeTpa ero oObeKTHUBa B MUJUTUMeTpax. Ele onHuM U3 Ba)KHBIX
apaMeTpOB, XapaKTEPU3YIOIIUX TEJECKOM, SBISIETCS €r0 YIIoBasl pa3periaromniast
CHOCOOHOCTh, KOTOpasi OmpeaessieT KadyecTBO m300pakeHus. Kaxkercs, 4to yem
OOJTBIIIE YBEIMYMBACT TEJIECKOI, TEM sIpUY€ MOXKHO OyJeT YBUAETh MEIbUaInme Je-
Tanu HaOIltoIaeMoro oOBbEeKTa, a Ha CaMOM JIelie TIPH MPOXOKICHUN CBETa 4epes3
cioit armoceps! B (POKATBHOM MIIOCKOCTH TeJecKona o0pasyeTcs KPyIbIid JHCK,
OKPYXKCHHBII HECKOJIBKUMHU TU(PPAKIUOHHBIMU KOJBIIAMHA YMEHBIIAIOIIEHCS SIPKO-
ctH (puc. 39: a — KOHTYp U300paKeHUsT; 6 — n300pakeHue 00bEKTa). YIIIOBOH aHa-
METP ATOTO KPYIJIOTO JTMCKa onpeaensercs (GopMyInoi

6 paouanax; tae D — nuametp o0beKkTa; A— JJIMHA BOJH cBeTa. Eciu B Teneckomne
poib UKcAIMK H3TydeHUs (IPUEMHHUKA) BBITOTHSIOT T1a3a, TO JJIsl OTPeACTICHHS
€ro pasperaromieil CrocoOOHOCTH BMECTO A BO3BMEM JUIMHY BOJHBI M3ITyYCHHS,
COOTBETCTBYIOIIIEH MaKCHUMaJIbHOMY 3HAUEHHIO CIIEKTPAIBHON YyBCTBUTEIBHOCTH
rnaza (A=5500 A). Eciu usnyuenue duxcupyercs pororpapuueckum uim Goro-
HIICKTPUYECKUM ITyTeM, TO BMECTO A HCIOJB3YeTCsS COOTBETCTBEHHO JUIMHA BOJIH
U3JIy4eHHsI, COOTBETCTBYIOIIETO MAaKCHMalbHOMY 3HAYCHUIO CIIEKTPAJbHON UyB-
CTBUTENBHOCTU (POTOrpaPUUecKOi IMYIbCHH WK (DOTOYCUITUBAIOIIETO KaTO/AA.
HyXHO OTMETUTH, YTO BEIMYMHA O, ONpPEAETICHHAs O BhINIEYKa3aHHOH (op-
MyJle, Ha3bIBACTCS Meopemudeckol paspeuiaoujeli CcnocooHocmsio, B JIeH-
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1,0 |
0,5
0 1 1 1 Ly 8
0 3,87,010,2
a) 0)

Puc. 39. Pactipenenenne SpKOCTH B TEJIECKOITMIECKOM U300paKEHUN
TOYCYHOI'O UCTOYHUKA.

CTBUTEJIBHOCTH Pa3pelIaAIIYI0 CIOCOOHOCTh TENECKOoIa OMNpenesisieT ypPOBEHb
COTpsiCeHUs KoJieOaHUM M300pakeHus, 00pa3yIOIIUXCS OT BO3MYIIIEHUS CIOEB atT-
Mocdepsl 3emMIiTH, 10 HANPaBICHUIO Jy4el, WYX OT 00ObEKTa. YPOBEHB COTPS-
CEHHUsI 3aBHCHUT OT aCTPOKIMMATHYECKUX YCIOBUUA MECTHOCTH, BETUYMHBI BBIIIKU
¥ KOHCTPYKIIMU TEJIECKOIa, TAKXKe OT IPYTrux (PaKTopoB.

Ecnu atu Benuuunsl (A 1 D) onpeenstoTcs B CAHTUMETPaxX, TO O BBIpakaeTcs
B paguanax. | paguan ~0,2" - 10° cexynaa ayru.

§ 31. Paagunoresieckonbl

Jlns uccnenoBanus HEOECHBIX CBETHJI B paJuoauana3zoHe MCHOIb3YIOTCS pas-
JIUYHBIE BUABI PAIUOTEIIECKONIOB. BOJBIIMHCTBO MOIIHBIX aHTEHH PaUOTENECKO-
OB TIOXOJAT Ha pedieKTophl (puc. 58). AHTEHHBI, cOOUparoe PaJUOBOIHBI OT
HEOECHBIX TEJl, U3TOTOBIISIFOTCS M3 METaJIa W JOCTHTAIOT B JHAMETPE JIECSITKOB
MeTpoB. Pagnousnydenue, coOpanHoe B OKyce paauoTesecKona CreruaibHbIM
YCTPOUCTBOM — oOiydaresiem, mepeaacTcs Ha BXOJ MPUEMHHKA, a 3aTeM C ITOMO-
b0 YCUJICHHSI U JIETEKTUPOBAHUS PETUCTPHUPYETCS HA CIIEUATBHBIX CAMOIIUIITY-
IIUX JIEKTPOU3MEPUTEIILHBIX YCTPOUCTBAX.

AHTEHHBI PAJIMOTEIIECKONIOB OT OOBIYHBIX PATUOAHTCHH OTIIMYAIOTCS BBICOKOH
pazpemaroniei cnocoOHocThi0. [10aTOMY OHM MOTYT pazinuuaTh Ja)xe HeOONbIlNe
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HeOeCHbIC MCTOYHUKU paAHou3IydeHHi. Pa3zpemraromas crocoOHOCTh aHTCHHBI
oTpenensieTcss OTHOIICHWEM JUIMHBI BOJHBI A K JHMAMETPy 3epKaia teieckomna D.
JlinHa paauoBONIHBI B MHJUTHOHBI Pa3 OOJIbIIE TMHBI BOJHBI ONITUYECKOTO ITyYKa.

CaMbIM OOJIBIITIM TEJIECKOTIOM B EBporie cuuTaercs TeIeCKOI ¢ aHTEHHOMW Tie-
pemenHoro npoduis PATAH-600 ycranosiennsiii Ha CeBeprom KaBkase.

Taxxke B Hacrosilee BpeMs MCIIONb3YETCs CHUCTEMa PaJMOAHTEHH, Pacrioio-
YKEHHBIX Ha OOJIBIIIOM PACCTOSHUU JAPYT OT ApPYTa, YbM MOKAa3aHMUs CBOJATCS B CIie-
[IUAJIBHOM YCTpOHcTBE 00pabOoTKH MH(OpPMAIIHH, HA3bIBAEMOM paduourmepgepo-
memp. PacnionoxeHHbIe Ha OOJBIIOM PACCTOSIHUM JPYT OT Apyra (Hampumep, Ha
pa3HBIX MOJIIOCAaX 3eMIIM), TAKHE PaJMOAHTEHHBI MOTYT OJHOBPEMEHHO COOMpATh
nH(pOpMAaII0 00 OTHOM U TOM K€ 0OBEKTe.

B nacrosmiee BpeMsi Ha 3emiie OJJHOBPEMEHHO PAa0OTAET LB psijl BBICOKO-
YYBCTBUTEJIbHBIX PAIMOTEIECKOIIOB C IMaMETpaMu MapadoIMuecKUX aHTeHH 65 M
(ABctpanus), 76 m (Bemuxoopuranus), 300 m (CHIA) u 600 m (Poccus). Ha
puc. 40 n300paxEéH camblii MOLTHBIA B MHPE PaJUOTEIECKOIN, YCTAaHOBICHHBIN B
CHIA na octpose Ilyapro-Puxo.

B V30ekucrane B 3aamMuHCKOM paiioHe J[)KM3aKCKOW OONAcTH y TOTHOXKHS
ropel Cydda coopyxkaercst paguoresneckon ¢ aguamerpom 70 m (puc. 41). Dtot
MHCTPYMEHT TO3BOJIUT U3y4aTh JJakKe HEOONbIINE IeTaNd KOCMHYECKUX OOBEKTOB.

Puc. 40. Camplii MOIIHBINA B MUpE Puc. 41. Pamuoreneckon «Cyddar
PagHOTENECKOI HAXOAUTCS y MOTHOXHS 3aaMUHCKHX TOp
B [lyapro-Puko, CIIA. B Jl>xu3akckoit obnactu.
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§ 32. «I'1aBHBIH TeJIeCKOM» 00cepBaTOpUM Yiyroeka

Obcepsamopus Yny2bexka. B nzyuenue He-
OecHBIX TeJ OONBIION BKJIAJ BHECIH W HAIIH
cooTedecTBeHHUKU. OIMH U3 HUX — BHYK
Awmupa Temypa Mup3zo Ynyroek (1394-1449).
B cepennne XV cronmetust YnyrOex mnpuria-
cwi B CamapkaHJ M3BECTHBIX aCTPOHOMOB
Kaszu-zane Pymu, Jxammmuaa ans-Kamwm, uto-
Obl y3HaTb MX MHEHHE O IUIAHUPYEMOH UM
MOCTPOMKE aCTPOHOMHUYECKON oOcepBaTopuu
C camMbIM OOJBIIUM HHCTPYMEHTOM Ui Ha-
Oomonenuii. Yuénele uaero Mup3o VYmyrOexa
nogaepxanu, u B 1420 rogy B Camapkanne
Hayajal COoOpYy’KaTb MHCTPYMEHT C PaJnyCcoM
40,2 M mns acCTpPOHOMHUYECKHX HAONIOIECHUI
Ha Bo3BbIIeHHOCTH Kyxak (puc. 42). C mo- Mupso Viyroex.
MOIIBIO0 3TOTO MHCTPYMEHTA OBUIH Ompererne-
Hbl ¥ YTOYHEHBI KOOPJMHATHI OOJIee 4eM ThI-
csuM 3BE3/, M3ydauuch JBWKeHus CoiHia,
JlyHpl ¥ TUIaHET, OMPENENIEHbl KOOPIAMHATHI
MHOKECTBa roposioB MaBepannaxpa. B miune
nyru 1° cocraBun nmpumepHo 70,2 cm, obecre-
YyuBasi U3MEPEHUs ¢ TOYHOCThIO 10 10" myry,
no jgiuHe — 11,7 MM, qauHa Iyru — MOYTH
50 M. Hauano nyru nexano Ha rmyoune 11 m,
a BEpXHsS YaCTh CEKCTaHTa BO3BBIIIAIACH HAJl
3emnet oyt Ha 30 M. DTOT yHUKaJIbHBINA
ACTPOHOMHMUYECKUI WMHCTPYMEHT B pe3yJibTaTe
BOIH OB paspyllieH, U ero cieapl ObUIH MO-
TEPSHBI.

B 1908 rony apxeonor B.JI. BaTtkun ompe-
JIeNIWIT €r0 MECTOHAXOXKJIEHUE, U B Pe3yJbTare
PACKOTOK Oblla OTKPHITA U TIOA3EMHAs 4acTh Puc. 42. llonzemHas 4acTh
coopykeHHs. BHemHuii Buj OaniHu mocTpo- obcepsatopun Yiyroeka.
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eHHoro B CamapkaHie «TeJIeCKOIay JI0 MOop HEe OMpeIesieH U SBJISETCS MPeIMETOM
JIUCKYCCHI CPEU YUCHBIX.

OOGcepBaropus YnyrOeka Obuta B CpelHHE BeKa KpyIHeWied Ha Bocroke u
MPOCIaBUIacCh CBOMMHM TOYHBIMH HM3MEPCHUSIMHM M BIICUATISIONIMMH pa3MEpaMHu.
B o6cepBaropun Camapkanja moMuMo Yiayroeka paboTajiu BbIIAIOIIMECS acTpo-
Hombl JDxammmn anb-Kamm, Kasu-zage Pymu, Mylinnunnuna anb-Kamm, Anm
Kyuran. HayyHoe Hacienue BENUKUX YUEHBIX TOW IIKOJIBI COXPAHEHO B 3HAMEHMU-
TOM TPYZE «3UIK.

BOl'lpOCI)I H 3aJaHUsA

Kaknm 006pazom Teneckon yBenrMuUBaeT W MPUOIHKAeT HeOECHBIE 00BEKTHI?
Kaxkwne xapakTepusyronine BeIMUNHBI TEJIECKOIIOB Bbl 3HaeTe?

Kak Ha3piBaeTcs 0CHOBHON MHCTPYMEHT oOcepBaTopun Yiyroeka?

Yro BBI 3HaeTe 00 OCHOBHBIX HAYYHBIX TPY/IaX, BBHIIIOJHCHHBIX B 00CEpBATOPH
Viryroeka?

ERRE TR

TEMA 12.  § 33. 3akonsl u3iaydenus. U3ydyenune pusngecknx
CBOMCTB He0eCHBIX TeJI CNIEKTPAJbHBIMH MEeTOAAMM

Wznyuenne MHOTMX HEOECHBIX CBETHJ SIBISIETCS HCTOYHHKOM (DU3NYECKUX
JAHHBIX O HUX. M3y4eHHEM WX CHEKTpa H3Iy4YCHHs] MOXXHO ONPEACTUTh KOJIU-
YECTBEHHBII COCTaB MCTOYHHWKA CBETWII, UX TEMIIEpaTypy, MarHUTHOE IOJIe, CKO-
pPOCTh NBMKCHHS B HAIIPABICHUH JIyda 3peHUs (JydeBasi CKOPOCTh) M JAPYTHE HX
du3ndecKue XxapakKTepuCTUKA. Takoil MEeTOJ] OCHOBAH Ha SBICHUH TUCTICPCUH CBE-
Ta ¥ HAa3bIBAETCS CIEKTPAIBGHBIM aHAIH30M. B 4acTHOCTH, SHEPrUs H3Iy4eHUS,
UCXOJISIIETO U3 TIOBEPXHOCTH HATPETOTO Teja, MPOIMOPIHUOHATbHA YETBEPTOH CTe-
IIEHU €ro a0COJIIOTHOM TemmepaTypbl. JHEPrHIO0, U3TydYaeMyto 1 M? MOBEPXHOCTH,
MOKHO BBIYMCINTH cornacHo 3akoHy Credana bonbumana e=c7*, rie 6 — yHH-
BepcajbHasi KOHCTaHTa, oHa paBHa 6=5,67 - 108Bt1/(M>-K-c), T — abconromnas
TeMIepaTypa Tena.

Jlyan cBeTa pacmpoCTpaHsSIOTCS B BHJE JIEKTPOMArHUTHBIX BOJIH. Boina
OTIPENIETICHHON YacTOThl BOCIPUHMMAETCS YEJIOBEYCCKUM TJIA30M KAk IIBET, MPH
ATOM KaXKIOMy IIBETY COOTBETCTBYET BOJIHA OIPEICIICHHOW IUIMHBI. B criekrpe
Jy4ei cBeTa BUAMMBIC JTMHBI BOJH PACIIONArarOTCs M0 YMEHBIICHUIO UX JTHHBI
BosH OT 0,7 MkM 110 0,4 MKM OT KpacHOro J0 ¢uosieTroBoro 1pera. He BuanmMeie

56



MPOCTHIM IJ1a30M YJIBTPapUOIETOBbIC JTyUH, KOTOPbIE HAXOMATCA B 3TOM CIIEKTpE
nocse puoNIeTOBbIX JyUel, (UKCUPYIOTCS B (POTOTUIACTUHKAX, YYBCTBUTEIBHBIX K
TUM Jy4am. Jlyun erie kopoue Ux, UCXOIsIe BHE aTMOocdepbl 3emMild, — CIelu-
aJbHBIMU TEJIECKONIaMH, YCTAHOBJIEHHBIMM Ha KOCMUYECKHUX CTaHIMsIX. B HacTos-
1iee BpeMsi ¢ MOMOIIBIO CIEIUATbHBIX YCTPONCTB MOKHO HaOII0AaTh HHPpaKpac-
HBIE U PAJAMOY4H, HAXOAAIIMECS 3a KPacHBIMHU JydamH B crekTpe. [lockonmbky
arMocdepa COJIHIIAa U 3BE3/Ibl MOKPHITHl PacKaJIEHHBIMU Ta3aMu W Tapamu, Mpu
MIPOXOXKICHUH 4Yepe3 arMocdepsl 3BE3]l M3IIyYEHHE HETPEPHIBHOTO CIEKTpa IO-
IJIOIIAETCS MX aTOMaMH M NMPUHUMAET BHJI CIIEKTpa MOIJIOIEHUS, TIepecedEHHOTO
TEMHBIMH JIMHUSMH WK noocaMu. [Tostomy cniektpsl ConHIa U 3BE3 SBISIOTCS
CIIEKTpaMu TOTIIOIeHus (puc. 43).

JlydyeBasi CKOpOCTh HEOECHOTO Tella MO HAINPAaBJICHHUIO JIMHUUA HAOIIOACHUS B
OTHOILICHHUH 3€MJIU OTIPENEISIeTCs MyTEM CIIEKTPaIbHOTO aHanu3a. Eciin ucTounuk
cBeTa MpUOMMKaeTCs K 3eMJje, JJIMHA BOJH JIMHUN €ro CIEKTPa YMEHBINIACTCS B
CTOPOHY KOPOTKHX BOJH CHEKTPA, €CIU YAAJSETCS — JUIMHA BOJH YBEIHMYMUBACTCS,
T.€. TUHUH B CIIEKTPE MCTOYHMKA CMEIIAIOTCS B CTOPOHY JJIMHHBIX BOJH (B Kpac-
HYIO CTOPOHY).

Takoe siBIeHUE MOYKHO OIHUCATH CICAYIONIEH (OPMYIIOi:

L A—A
kzko(l——) Wi y=—"C¢,
c A
0
3nech v — JyudeBas CKOPOCTh UCTOYHHKA, Ay — JIJIMHA BOJH JIYYH, UCXOJSIIETO OT
HEJBM)KMMOTO MCTOYHHMKA; A — JUIMHA BOJH JABW)KMMOTO HMCTOYHUKA U C — CKO-
pOCTh cBeTa.

400 am 500 am 600 aMm 700 aM

~

Puc. 43. CoBmenieHnbIi (1),
CpaBHUTENBHBIN (2) ciekTpel 4
CBETHJIA U JIMHEUHBIH (3)
cnekrp CoHIia. 5
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[To cnekTpy Takke MOXKHO ONpEACIUTh TeMneparypy cBetwia. Eciu teno Ha-
KaJIIeTCs JI0 KPACHOTO I[BETA, TO KPACHBIM Y4acCTOK €ro CIeKTpa OyaeT sipue, 4em
octasibHbIe ero yacTu. [lo Mepe nanbHeiero HarpeBaHus sipkasi 4acTh €ro CIeK-
Tpa CMEIIAETCs B CTOPOHY €ro >KENTOH, 3eNE€HOM, MOTOM Toiy0oil yacTu, T.e. ¢
YBEJIMYEHUEM TEMIIEPATypbl MAKCUMYM H3JIyYEHHUs TE€Jla CMELIAETCS B KOPOTKO-
BOJIHOBYIO OOJIACTH CIEKTpa. 3aBUCUMOCTH JUIMHBI BOJIHBI U3TYy4Y€HHUS C MAaKCH-
MaJbHOW MHTEHCUBHOCTBIO Amax OT A0COIOTHOM TemmepaTyphl T BbIpa)kaeT 3aKOH
cMmelenns Buna:

Minax T=D

rne b= 0,29 cm/rpan.

Ecnm atrombl m3imydaeMol TuTa3mMbl HAXOJSTCS B MarHUTHOM 1osie COTHEYHO-
TO TISITHA, HAONIOMACTCSl PACIICIUICHHE HA YaCTH OTIEIBHBIX CIEKTPAIBHBIX JIH-
HUH (0COOCHHO B SIPE COTHEUHOTO TSATHA). DTO SIBIICHUE HA3BIBACTCS Y Phekmom
3eemana. Tlo addekry 3eemana, B 3aBUCUMOCTH OT PACIIOJIOKCHHS HANPSDKCHUS
MarHMTHOTO TIOJISl HAOJIOMaeMOro TSATHA 10 OTHOIICHWIO K JTUHUM HaOIIOICHUS
BEKTOpA, CICKTPaJIbHAS JIMHUS PACIISIUISICTCS HA JIBa WIM TPH NMOAypoBHs. [Ipu
ATOM HAmNpsHKEHUE MArHUTHOTO IO H MPOMOPIHOHAIBHO Pa3HUIIE JJIMH BOJIH
KpalHUX KOMITOHCHTOB O0Pa30BaHHBIX CHEKTPAIBHBIX JIMHUNA — AL ¥ OTIpe/IeIIsIeT-
sl IO crenyrotei Gpopmyre:

H=k A}\.H .

rae k — ko3 PHUIUEHT MPONOPIUOHATEHOCTH, KOTOPBIM 3aBUCHUT OT MarHUTHOM
YyBCTBUTEJIBHOCTU CHEKTPATIbHON JTUHUU.

Bonpocek! u 3axanus

. B kakom MHTEpBasie HAXOJATCS ONTHYECCKUE JIYYH B IIKaJE JICKTPOMArHUTHb
BOJIH?

. Kakne o0nacTv 3aHMMArOT B IIKaj¢ BUAUMBIC M HCBUIUMBIC JTydn?

. B Kakux IMHAX BOJIH IIKAJIbI U3y4YalOTCs AJICKTPOMArHUTHBIC BOJHBI CBET
ONTHYECCKOW aCTPOHOMHUH B HACTOSIIEE BPeMs?

. Kak onpenensercs temmneparypa cBeTHJIa Ha OCHOBaHWH JIJTMHBI BOJH MAakC
MaJIbHOW MHTCHCUBHOCTH U3JTy4CHUS?

. Kak onpenernsercs HanpsokeHHE MAarHUTHOTO TIOJIST UCTOYHUKA CIIeKTpa?
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IVIABA 1V. DU3UYECKAS ITIPUPOJIA HEBECHBIX TEJI
COJIHEYHOM CUCTEMBbI

TEMA 13. § 34. Connue — Omkaiimasi K HaM 3Be3/1a.
Oo6mmue cBenenus o CosHie

Ecnu ConHue moracHeT, TO HE NMPOWJIET U MUHYTHI, KaK Ha 3emMiie BOLAPHUTCS
TbMa. JIyHa U MIIAHETHI CBETAT OTPAKEHHBIM COJIHEYHBIM CBETOM, U MO3TOMY HX
cpasy K€ CTaHeT He BHUJHO. 3eMJII0 OyJeT OCBEIIaTh TOJBKO CJIa0blii CBET 3BE3I.
Bcro moBepxHOCTh 3eMJIH 3aKIIOYUT B CBOM «OOBATHS» KOCMUYecKuid xomoa. He
MPOMIET U HEACNH, KaK TPOIMKH OKaXyTCsl TTOTPEOCHHBIMH 07 CHETOM, OCTaHO-
BATCSI PEKU, MOPSI U OKE€aHbl TOCTENEHHO 3aMEP3HYT Ha BCIO MTyOUHY, MPEKPATUT-
cs Berep. BCE€ BOKpYTr mOrpy3uTcs B KPOMELIHYIO ThbMy U Xouof. Y naxe ecnu ye-
JIOBEYECTBY YACTCA B T€YEHHE HEKOTOPOTO BPEMEHH MCIOIb30BaTh HAKOIIJICHHBIE
3arachl TOIUTMBA, 3TO HE CTACeT ero OT THOeIH.

Nmenno nodatomy CoJHIIE BO BCEX OTHOIICHUSX SBIISICTCS UCTOYHUKOM YKH3-
HU Ha 3emlie U 3aciy’KMBAeT camMoro MnpucraibHOro BHUMaHus. CoJiHIIE — OfHA
Y3 MWUIMAPAOB 3BE3/, HE BBIACIAIOIA’ACS HU BEIUYUMHOM, HU Temneparypoi. Ho
Halla TuiaHera 3emiist B KayecTBe cryTHUKa CoJHIIa HAaXOJUTCS OT HEro Ha pac-
CTOSIHUSAX B MIJUTHAPBI pa3 Ooiiee OMM3KUX, 4eM OT Apyrux 3B€31. ConHIe BUAHO
HaM T0J JOBOJIBHO OOJBIIUM yIJIOM B 32'.

3emiisd, KaKk M Apyrue ImiaHeTsl, JBuxkercs Bokpyr Comnua. CpenHee paccro-
sare oT 3emun Ao Comaia (149,6 MaH KM) MIPUHUMAETCS 32 ACTPOHOMHUYECKYIO
enuHuny 1uHbl (1 a.e.). CBeT mpeoposneBaeT 3TO pacCTOSHUE NPUMEPHO 3a 8,5
munyT. Inametrp Connima pasen 1,391 muH kM, yto B 110 pa3 Gonbine auamerpa
3emumn. lHBIMU cltoBaMHu, B 00beM, 3aHUMaeMblii COJIHIIEM, IOMECTHIIOCH OBbI 00-
nee 1 mue 300 ThICSY MIaHeT ¢ 00bEMOM, paBHBIM 00bEMY 3emin. Macca ConH-
ua B 330 TeIc. pa3 6onbie Macchl 3emin. Ha pucynke 44 cpaBHUBAIOTCSL pa3Mephl
Connua u naner ConneyHoit cucrembl. [loBepxHocTh ConHIla UMEET TeMmIiiepa-
Typy okosio 5800 °C. DTta Temmeparypa Bo3pacTaeT ¢ MPHUOIUKEHUEM K IICHTPY
ConHua 1 10cTUraeT npuMepHo 15 MITH TpajycoB B €ro siape.

Oueprus, uznydaemas ConHuem B 1 cexkynay paBHa 4-102¢ [, 4To paBHO
SHEPTUM, o0cBoOOKIaromIeics npu cxuranu 12 000 TpUIIMOHOB TOHH yriis. W3-
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Puc. 44. BennnunHa maHeT MO CPABHEHUIO

(COJIHIIE
¢ Comnuem.

Puc. 45. ConHeyHbIl CIIEKTD. ﬁ @Hﬁ

BBepxy: pa3nenéHHbIi Ha 4acTH; - —ET
BHu3y: nmokasaHo coOTBETCTBHE o sy

P I e
XUMHUYCCKUM DJICMCHTAaAM.

Keneso

Jydaemas Ha 3eMJII0 DHEPrus COCTaBJISIET BCEr0 OJHY ABYXMWUIMAIHYH YacThb
Bceit aHeprun CosHIIA.

Hasnenne B nientpe Comnua apocruraetr 200 mupn armocdep. Cpenusis miot-
HocTh BemiectBa Comuna 1,41 r/cm3. ComnHile SBiIsSE€TCS TMTAHTCKUM OTHEHHBIM
1apoM, HO ra3, U3 KOTOPOro OH COCTOMT, HaXOAUTCS B COCTOSIHUHU, HA3bIBAEMOM
naasmou. Marepus, HaXoAAasACcsa B 3TOM COCTOSIHUHM, COCTOUT B OCHOBHOM M3 HO-
HU3UPOBAHHBIX Ta30B M CBOOOIHBIX JIEKTPOHOB.

Takass BbICOKOTEMIIEpATypHasi IJla3Ma MMEET HENPEPBIBHBIN CHEKTp H3IY-
YeHHs, HO MpHu 3ToM u3nydeHue CollHIA, MPOXOAs Yepe3 CIOM ero arMocdepsl,
MIOTJIONIAETCS Pa3IMYHBIMU aToMaMu, W Ha (poHe crekrpa CoNHIIA TOSBISIOTCS
JECATKH THICSY TEMHBIX TUHUH Toriomienus (puc. 45). Conuie, Kak ¥ ApyTrue He-
OecHbIe Tela, BpallaeTcs BOKpYT CBoel ocH, HO nuddepeHmanpHo (M3-3a ero ra-
3000pa3HOCTH) C MEPUOIOM BpAIEHHSI, [0 SKBATOPY PaBHBIM 25,4 CyTOK, 1O MO-
mocam — 28+29 cyTok.

Conneunas nocmosHuas U conneynas ceemumocms. COIHEUHA IMOCTOSHHAS —
ATO KOJIMYECTBO COJIHEUHOM PHEpruu, najaaroniee 3a 1 MUH Ha IOMAAKy B 1 cm?,
PAaCIONOKEHHYIO MEPIICHAUKYISIPHO COTHEUHBIM JIydaM 3a MpeeiaMu 3eMHOM aT-
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Mocdepsl. 3ydas 3To u3aydeHHue, YICHbIC YCTAHOBIIIM, YTO €€ BEJIMYMHA paBHA

Kal

Bt

npubnusutTensHo 2—,——. B MexayHapoassix equammax 1,4 - 103—.
M

CM - MHUH

B cBs3M ¢ 3TUM MOJIHYI0 MOIIHOCTH M3nydeHus: CoiaHIa, TO €CTh €ro CBETHU-
MOCTb MOXKHO OnpenenuTs o popmyne Lo=4-10% Br.
Ecimm yMHOXUTH 3Ty BenMuMHY Ha IUiom@anb chepsl ¢ paamycom B 1 a.e.

Bt
(1,4-10°>—), nony4nM NONHOE KOJIMYECTBO HEpruu, mizaydaemoi CoiHLEM IO
M

BCCM HalIpaBJICHUSAM B CIMHUIY BPCMCHH.

Bonipocs! u 3axanust

. K xaknm HeOecubiM TenaMm otHocuTcs CoiHie?

. CpaBuute pasmeps! ConHIa U 3eMIIn.
. Kaxkos cnexrp porochepst Conmnrma?

. U3 xakux snemenToB u Bemiects coctout ComHie?

. UTto Takoe coilHeUHas MOCTOsSTHHAA?

§ 35. @otochepa ConHua u eé crpoenue.

IIaraa Coanma

OcHoBHas yactb armocdepsl ComHia, B
KOTOpPOW 00pa3yeTcsi BHIUMOE H3JIY4YCHHE,
HasbIBaeTcsl gomocghepoii (puc. 46). Doto-
cthepa npu HaOmoacHNH CoOJTHIIA B TEIISCKOTI,
IpU  YCIOBUM HAWOOJBIIETO CIIOKOWCTBUS
3eMHOH aTMocdephl, CHIBHO OTIMYACTCS OT
PaBHOMEPHO SIPKOTO JHMCKA, KOTOPBIA MOXK-
HO BHJIETh HEBOOPYKEHHbIM Tmazom. C mo-
MOIIBIO OOJBIINX TEJICCKONIOB MOXKHO Ha-
OMIOaTh OTYETIMBYIO 3EPHUCTYIO CTPYKTYPY
dorocheprr. UepenoBanue SpKUX MATHBIIICK,
2pauyn, TIOXOKMX Ha 3epHa puca («rpaHy-
Ja» — 3epPHO), OKPYKEHHBIX TEMHBIMH MIPOME-

Puc. 46. ®orocdepa Conrna
(BUAMIMBI TISITHA).
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Puc. 47. CtpykTypa MOBEpXHOCTH
CosnHila — TpaHyJsus.

AKYTKaMH, CO3[AaeT BIICUATICHHE SYEHCTOU
CTPYKTYpBbI, epanyisayuu, HaNOMUHAIOIIEH
MYeJuHble COThl. B mocnenHue roasl Toy-
Hble (poTorpaduu rpaHyIsLIUN MOITYYEHBI C
MIOMOIIIBIO TEJIECKOIOB. YIaJ0Ch MOIYYHUTh
MHOTO HOBBIX CBEJECHUH O SPKOCTH T'paHy,
UX CHEKTPax, BpEMEHU UX «KU3HW», YTO I10-
3BOJIIET MOHATh UX (PU3MUECKYIO MPUPOLY.
B uwacTHOCTH, TpaHyIAIUsS — CBUIETEIHBCTBO
o mpoucxonsuiei nox ¢porocepoil KOHBEK-
1Y, TepeMeIrBaHuu Macc raza. CpenHue
pa3Mepsl rpaHya coctaBisiorT 500 kM, HO
BCTpEUaroTCs IpaHyisl pazmepamu ot 200

1o 700800 kM (puc. 47). B dhotochepe kpome rpaHyn HaOIIOHAOTCS U Ooee sip-
Kre, 00pa3yrolre Kak Obl IEMOYKY CTPYKTypHbIe 00pa3oBanus. OHU HA3bIBAKOTCS
COJTHEYHBIMU (hakenamu, BOSHUKAIOT MPEUMYIIECTBEHHO B OKPECTHOCTH COJTHEY-

HBIX ITATCH.

Conneunvie namua — ocmpoexu macnemuzma™. B dorochepe Habmromarorcs
0OBEKTHI, MPUPOAA KOTOPBIX ¢ (PU3MYECKOM TOYKH 3PCHUSI HE 10 KOHIIA UCCIEI0-
BaHa. JTO colHeuHble NATHA (puc. 48). IIaTHA UMEIOT pa3InYHYI0 BEITUYHHY — OT
HECKOJIbKUX THICSY KAJIOMETPOB JI0 HECKOJIBKHX COTEH THICSY KHJIOMETpOB. ['am-

Puc. 48. ConneuHble NATHA: @) MATHO NPaBUIBHO (OPMBI; 6) IrpyIa MATEH.




neit, kotopelii B 1610 . HaGIrOnam UX B CBOM TeJIeCKON, ObLI MEPBBIM acCTPOHO-
MOM, KOTOPBIN MOHSII, YTO TSATHA — 00J1acTh Ha doTocdepe.

3a Gosiee yeM 4YeThIpe BeKa, MPOUISANINX C TeX MOp, YUCHbIE TOOMINCH CyIIe-
CTBEHHOTO TIporpecca B ONPECICHUH MPUYUH BO3HUKHOBEHUS MSATEH, UX (U3U-
yeckoil mpupojsl. OHUM BO3HMKAIOT B 00JacTAX (pakenaoB, KOraa HampsKEHHOCTb
MarHUTHOTO HOJIsI B HUX PE3KO BO3PACTAET.

B conHeuHBIX mATHaX COCPEAOTOUEHBI CUIIbHBbIE MAarHUTHBIE 10JIs. CoTHEUHbIe
MsITHA PelKO HaOIIoNaloTcs B BUJE OTHCNBHBIX MSTEH (puc. 48, a), daimie B BHUIE
rpynn (puc. 48, 6). B rpynmnax HaOII0Aa0TCs JIBa KPYMHBIX MSITHA ¢ TPOTUBOIIO-
JIOKHOM TMOJISIPHOCTHIO M MPUMBIKAIOIIKME K HUM IISITHAa ToMmenbue. Temmeparypa
nsaTeH B cpeaneM Ha 1500°-2500° Hmke temmeparypsl GoTocdepbl, TOITOMY Ha
e€ (hoHe OHM KaKyTCsl TEMHBIMHU 00pa30BaHUSIMHU.

JKv3Hb COTHEYHOro MATHA MOXET MPOAOJIKATBCS OT HECKOIBKUX JHEW 110
OITHOTO-ABYX MecAuneB. Ho maATeH ¢ Takon AOJIrod IpOAOJKUTEIBHOCTBIO OYEHBb
HEMHOTI0, Yallleé OHU MCYE3al0T ropasao paHblie. COIHEYHbIE TATHA JIOKAIU3YIOT-
csl, KaK MPaBHJI0, HA MHPOTe OT £5° 10 +40° renmuorpaduyecKoil MHUPOTHI.

Onnoit n3 3aranok ¢usnkn CoNHIA SBISETCS MEPUOANIHOCTD U3MEHEHHS KO-
JMYECTBA COTHEYHBIX MATEH. V3yunB U cHCTEMAaTU3MPOBAB MaTepHallbl Oosiee 4em
100-neTHUX HAOMIOACHUI 3a COJHEYHBIMHU IISITHAMH, IIBEHIIAPCKUI acTPOHOM
Pynonsd Bonb¢ BbMuCIMI NEPUOIUIHOCTh U3MEHEHHUST KOJUYECTBA ISATEH, PaB-
Hyto 11,1 roma. ComHeuHbIe MATHA — MPOSIBICHUE HAanOOIee aKTUBHBIX MPOIECCOB
B armMocdepe CornHIa, HEMOCPEICTBEHHO CBSI3aHHBIX C JIPYTHMMHU TPOSIBICHUSIMH
ATON aKTUBHOCTH, MO3TOMY nepuof B 11,1 rona Ha3bIBaeTcst nepuodom conHeuHo
AKMUEHOCMU.

Bonpocsl u 3axanust

1. Yo naswiBaercs orocdepoii Connma?
. Kakune 00bekThI (hoTocdepsl MOKHO HAONIOAATH B YCIOBHUAX XOPOIICH BUIUM
cTH?
. Kak BBIISIIUT TpaHyIMpoBaHHAS CTPYKTypa ?
. Pacckaxxure 06 ncropuu otkpeitus nareH Conaia’?
. Iouemy Ha dorocdepe msiTHAa BUIATCS TEMHBIMU?
. KakoBbl MaruuTHbIe CBOWCTBA IPYIIN U OTAENbHBIX siTeH ConHia?
. KakoB cpeannii nepuoa namenenus konuuectna nsteH ConHua?
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TEMA 14.  § 36. Xpomocdepa u kopona CoJiHIa

Ilpomybepanyvl — «a3viku niamenuy». Yacte armochepst ConHia, Jiexamas
HEMOCPEJCTBEHHO Hall (oTocdepolt, Ha3bIBaCTCS Xpomocghepoli — «IBETOBOU
chepoit» (ot Trped. xpoma — uBer). OHa mpoctupaercs a0 BbICOTHI 14000 kM.
OnavH M3 caMbIX MOIIHBIX MPOIecCcOB, HaOmomaeMbix Ha ConHIe — nmpoTyOepaH-
upl (puc. 49). J1nsa nabmroparenst 3TH OOBEKThl BBINIAIAAT KaK S3bIKU IJIAMEHHU.
CrnekTpbl NpoTyOepaHLEB JalOT BO3MOXHOCTh OINPENEIUTh B HUX JaBJICHHUE rasa,
TEMIEepaTypy ¥ CKOPOCTh JIBUKCHHUS Ta30B.

B 1920 rony ¢panuysckuit yuénsiii f. [letut npemnoxun meton HaOmrome-
HUS: CHUMATh MpOoTyOepaHibl KHHOKaMepoil (co ckopocThio 16 KaipoB B CEKYH-
Ny) B Jyd4ax crHekTpaibHbIX nuHui Cat wim H, 9To mo3Bonmio, B 4acTHOCTH,
(buKCHpOBaTh HA MIEHKE OBICTPO MPOTEKAIOIIYIO IBOJIOIUIO TIpoTydepaHiieB. [1o-
TOMY BO MHOTHX 0OCEpBaTOpHsX (B YaCTHOCTH, B TalIKeHTCKOW 0OCepBaTOpUm)
XpoMochepy HU3ydaroT UMEHHO Ha 3THX JIMHUAX crekTpa Ha ¢ ucnonb3oBanuem
CHEIMATBHBIX MOHOXPOMAaTHUYECKHUX (WIBTPOB, YCTAaHABIMBAEMBIX HA TEJIECKO-
nax.

B nyuax Ha 3TOM KpacHOW BOJOPOAHOM JIMHUU C JIMHOM BOJIHBI 6562A B po-
eKIIMM Ha COJHEYHBIA NMCK ObUIM MOJy4YeHBbl M300pakeHUs MpoTyOepaHIeB B
BUJI€ JJIMHHBIX U30THYTHIX BOJIOKOH. CpaBHUBAs UX pa3mepsl ¢ auamerpom CoiH-
112, YIACTCS OMpPENeINTh, YTO IUPHHA BOJIOKOH MpoTyOepaHiieB gocturaet 6000—
10000 kM, TOTIA Kak JUIHMHA MPOTyOepaHIa u3MepsSeTcsi COTHIMU ThICSAY KUJIOMeE-
TpoB. Takum oOpa3zom, HaOMIOMEHUs 32 MPOTyOepaHIlaMH JTAl0T MPEICTABICHUE O
IpaHAMO3HBIX Ipolieccax, npoucxonauiux Ha ComHile.

B oOpa3oBanuu u 3BOIONHH TIPOTYOEpaH-
IIEB BeJMKa posib MarHUTHOTO Toist ConHia,
MOCKOJIbKY aKTHBHBIE MPOTyOepaHIbl HAOIIO-
JAlOTCS Ha TEX JK€ y4acTKax, 4To M COJHEY-
HBIC TISITHA. BBUAY CIOKHOCTH SKCHEpUMEH-
TOB m3ydeHne MarautHoro mois ComHma B
MoJTHOM 00bEME OBLIO HA4aTO TOJBKO B 60-X
rogax XX Beka.

Puc. 49. OnuH U3 TUTaHTCKUX [IporyOepaHibl O CpPaBHEHHUIO C OKpY-
00BEKTOB XPOMOCHEPHI — )Karomed ux xpomochepoit sBisoTcs Oolee
nmpoTyOepaHelL. IUIOTHBIMH ~ OOJIJakaMU  TUIa3Mbl  (TeMIepa-
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Puc. 50. Cranun pa3BuTHSI aKTHBHOTO Puc. 51. CaMble MOIIHBIE 0OBEKTHI
npoTyOepaHIia, CBSI3aHHOTO XpOMOCHEpbI — COTHEUHBIE
C COJHEYHBIM IIITHOM. BCIIBIIIKH.

typa — 5000—-10000° C, mnotHocth — 10'—10'2 gacTuiy/cm?), OKyTaHsl B CTO pa3
Oosee ropsueill comHeuHOM KopoHoM. Ha cHuUMKax mnpoTyOepaHIbl MOXOXKH Ha
XOJIMBI, CTOTH CE€Ha, MEeTJIM U BOPOHKHU. B 3aBUCHMOCTH OT aKTUBHOCTH, KJIacCH-
bunupyoTCsa Kak CIOKOHHBIC, aKTUBHBIC, S)PYNITUBHBIC (BCIIBIXUBAIOIINE). AKTHB-
HBI€ U 3PYNTHUBHBIE MTPOTYOEPAHIIbI CBA3AHBI C COIHEUHBIMU TsiTHAMU (puc. 50).

Xpomocghepnvie ecnviku. OAUH U3 CaMbIX MOIIHBIX MPOIECCOB, HaOIrOIa-
embix Ha ConHile — XpoMocdepHble BCOBIIKU (puc. 51). DHeprus, BblaenseMas
JUISIIENCSl HECKOJIBKO MUHYT BCIBIIIKOM, cocTasisieT oT 100 tpumnironos no 1000
KBaJIpWITHOHOB KmioBaTT B yac (10'4+10'8 kBt). MHaue roBops, sHEprusi, Bbije-
JISIOMIASICSL B pe3yJIbTaTe OIHOM BCHBIIIKU, paBHA SHEPTUH, KOTopas Obuta OBl TO-
JydeHa B pe3yJbTare CKUTAHUS BCEX MPUPOIHBIX 3aI1aCOB TOIUIMBA Ha 3eMIIe.

XpoMocdepHbie BCUBIIIKA HETIOCPEICTBEHHO CBS3aHBI C COJIHEYHBIMU MSATHA-
MU W BCTPEYAIOTCSI B 00JACTSIX MEXKIY Pa3BUBAIOLIUMUCS CONHEYHBIMHU TMATHAMHU
BOJIM3H JIMHUU pa3zielia MOJIIPHOCTH MarHUTHBIX TOJICH.

HccnenoBanue crekrpa ra3a B OOJACTH BCIIBIIIKH ITOKA3bIBACT, YTO 3apsiKEH-
HbIE YaCTHIIBI ABMKYTCS co ckopocThio 500-1000 xm/c. DTOT MOTOK MOHHU3UPO-
BaHHBIX YACTHIl HA3bIBAETCS coHeyHbiM eempom. COIHEUHBIH BETEp JOCTUIaeT
opoutsl 3emmn 3a 1,5-2 cytok. JlocTUrHyB 3eMJiIM, OH BBI3BIBACT PA3IUYHBIC T€O-
¢du3nvecKue sIBICHUS U JTOCTAaTOYHO CEPhE3HO BO3EHCTBYET Ha Ouochepy 3eMim.

Conneunas xoporna. C TIIyOOKOH IPEBHOCTH JIFOAM HAOIIOAAIA BO BPEMsI ITOJI-
HOTO COJIHEYHOTO 3aTMEHHUs fABJIEHUE, Korjga AUCK JIyHbI MOJHOCTBIO 3aCIIOHSET
COJTHEYHBIN UCK, BOKpYr CoOJHIIA BO3HUKAET KPAaCHUBOE CEPeOpHUCTOE CBEUEHUE,
pacnpocTpaHstoleecs Ha 00JacTh pazMepaMu 1—2 CoHEUHBIX paauyca (puc. 52).
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Puc. 52. Conmneunas
KOpPOHA B TIEPHO/I;
a) MakcUMyMa COJTHEYHON
AKTHBHOCTH; 6) MUHIMYMa
COJIHEYHOU aKTUBHOCTH. a)

0)

OOmwmii Bux KOpOHBI OOycCiOBieH ypoBHeM aktuBHOCTH Connma. B mepu-
OJ1 TIOSIBJICHUSI HanOobIIero yncia msreH Ha ComHIe, T.€. B IepHoJ] er0 MaKCH-
MaJIbHOM aKTHBHOCTH, KOpPOHA OKPYXAaeT COJNHEUHBIA JUCK, OTXOIS OT HEro Ha
HanOoJpIIee paccTosHUE B OONacTsIX HamOounblied akTuBHOCTH (puc. 52, a). B
NePUOI MUHUMANLHOU aKTUBHOCTH COJHIIA KOPOHA YXOIUT Ha 3HAUYUTEILHOE pac-
CTOSTHHE OT JIMCKa TOJBKO B TUIOCKOCTH COTHEYHOTO dKBaropa (puc. 52, 0).

W3menenwusi, HaOmogaeMble B KOPOHE, B YACTHOCTH, CTPYKTYpa COTHEUHOU KO-
POHBI, CBHJIETEIILCTBYIOT 00 aKTUBHBIX Ipoleccax, uaynmx B armocdepe ConHia
B CJIOSIX, HAXOJSIIMXCSI HEMOCPEJACTBEHHO T0J] KopoHOH. Hanbonee sipkue u mpo-
TSOKCHHBIC 00pa30oBaHMs, HAOMIOMAEMbIe B KOPOHE, pacrioiararoTcsi Hajx o0iacTs-
MU TIsITeH U (pakenoB ¢hoTochepsl.

OcHoBHas 4yacth u3nydeHusi CoiHIIA B paJHoaMana3oHe MPUXOIUTCS Ha COJ-
HEYHYIO KOPOHY.

§ 37. UcTtounuk 3neprumn CosiHua *

W3 yHuBepcaibHbIX 3aKOHOB MPUPOJbl U3BECTHO, UYTO DHEPIUs COXPAHSETCS:
OHA HE MCYe3aeT HUKYyJa U HE BO3HMKAET HUOTKYyAa. ECTECTBEHHO, BO3HUKAET BO-
IPOC: YTO SBISIETCS WCTOYHUKOM SHEPTHH CBETALIMXCS Ha HOUHOM HeOe 3BE3N U
Connua? Bospact Connua — okoino 4,8 mumapaoB jget. OJIMH U3 OCHOBHBIX BO-
IIPOCOB ACTPOHOMHUU HA MPOTSHKEHUU BEKOB — 3@ CYET YEro MPOUCXOAUT MOIOJIHE-
Hue sHepruu CONHIA, U3TYYalolero CBET B TEUEHHUE CTOJIb IPOAOJIKUTEIBHOTO
BPEMEHU U Kakue (PU3UYECKHE MPOLECChl BOCHOIHSIOT MOTEPH SHEPTUH 3BE3A?
OTBeTHI Ha 3TH BONPOCHI MOPOKIAIN MHOXKECTBO THIOTE3. Ho GONBIIMHCTBO U3
HUX OKa3ajuch HecocTosTenbHbIMH. Hakonern, B 1938-1939 rr. acrpodmsuku
A. Dnnunrton, K. Belizekkep u I. bere mokazanu, 4TO MCTOYHUKOM JHEPTUU
3BE3] ABJSAIOTCS AJIEPHBIE PEAKLIUU, TPOUCXOAIIUE B HEPAX 3BE3.
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W3BecTHO, YTO cujia MPUTSHKEHUSI IPOTOHOB M HEUTPOHOB, 00Pa3yIoIIUX aTOM-
HOE A7IpO, (AIepHas cuja) OYeHb BEJIMKA U, CIEJ0BATEIbHO, SHEPTUS COCTUHEHUS
ToXe Benuka. [Ipeanonoxum, 4To B aTOMHOE SAPO MPOHUKAET BHEUIHUN MPOTOH
WIM 3JeKTpOH. Torga BO3HUKAET HOBOE SIPO, U B PE3YJIbTATe 3TOTO BbIAEIAETCS
OIIIyTHUMAsl J0JSl SHEPTUH SAPA, TaK KaK MPOHUKIIAS B SAPO YACTHUIIA CBSI3bIBACT-
Cs C YacTULaMH flipa siaepHbIMU cuiamu. [lonydeHHasi B pe3ynbTare W3JIMILIHSIS
SHEPrusi YHOCUTCS MPOTOHOM WJIM HEHUTPOHOM, DJIEKTPOHOM WM TO3UTPOHOM.
DTO SIBICHUE HA3BIBACTCS sf0epHol peakyueti. OTHAKO yCIIOBUE JJIsi BOBHUKHOBE-
HUS SIIEPHBIX PEaKIMi COCTOUT B TOM, UTO JOOaBJICHHAsl YacTHIIA JOJKHA OKa-
3aThbCA HAa PACCTOSHUM JIEUCTBUS SIACPHBIX cuil. MIHBIMM clloBaMu, AOMOJHUTEb-
HBIM MIPOTOH MJIM HEUTPOH JOJKEH COMMXKATHCA C SIIPOM aromMa ¢ OYEHb BBICOKOM
CKOpOCTBIO (T. €. C BBICOKOH SHEpruei).

Teopernueckre HUCCIENOBaHMS TNOKa3ajad, 4TO TEMIIEparypa B HeApax 3BE3A
(B wactHOCTH, COJNHIIA) JOCTUTAET HECKOJIBKUX MUJUIMOHOB T'PAAYCOB, TaK YTO OT-
JIEbHBIE aTOMBI JBUXKYTCSI C OTPOMHOM CKOPOCTBIO, YTO OOECTIEUYMBAET YCIOBUE
JUTsl BOBHUKHOBEHUS mepmosioepHoti peakyuu. HEUTPOH TpU TaKWX BBICOKUX TEM-
neparypax pacrnajaercsi Ha MpPOTOH, IEKTPOH U HEUTPUHO, HE ydacTBys Ooiiee B
AJIEPHON pEaKIIUU.

Peakmus oOpa3oBaHMs U3 YETHIPEX aTOMOB BOJOPOJA OAHOIO aroMa Tesus,
HENPEPBIBHO MPOMUCXOASIAs B HEAPAX, BOCHOIHIET MOTEPU 3BE3Ibl HA H3Iyde-
Hue. Macca mpoToHa B aTOMHBIX eIuMHUIIAX Macchl coctaBiser 1,00813, coot-
BETCTBEHHO Macca 4eThlpex NMpoToHOB — 4,03252. A macca siapa OJHOro aroma
renus paBHa 4,00389. Torma motepst Macchl B pesyibrare oOpa3oBaHUSI OJTHOTO
HOPMAJIBHOTO aToMa rejiusi B €IUMHUIAX aTOMHOro Beca coctasisier: 4,03252—
4,00389=0,02863 u HazpIiBaeTcs Oeghexmom maccol. JlepexT macchl SKBHUBAJICH-
TEH BBIJIEISIEMON TIpU 00pa30BaHUM OJTHOTO aTOMa I'eJIus YHEPTUU CBSI3U, BEJTUYH-
Ha KOTOPOU BBIYUCIISIETCS 1O 3HAMEHUTOH (hopmyse DWHIITeHA:

E=mc?=1,67-102%-0,02863 - (3-10')>=4,3 - 10 »pr

3neck ¢=3-10'° cm/c — ckopocTh cBeTa, m — AeeKT Macchl. PacdeTs! moka3bi-
BAaIOT, YTO CyMMa 3HEPI'HH, BBIIACISIONICHCS B KaXAyt0 CeKyH1y B LeHTpe CoiHua,
coctaBisieT 4 - 10%¢ BT, T.e. KaXXJIyl0 CEKyH/ly IPOMCXOAUT BOCIIOJHEHUE SHEPIUH,
3atpadeHHoN COJHIIEM Ha U3JTy4YeHHUE.
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Puc. 53. Cxema 0JHOTO U3 BapHAHTOB

MPOTOH-TIPOTOHHOM peaKiuy, .. . ‘——/\_’_\’@
npoTekatonieit B siape ConHia !

9 9 —->
(H — Bomopox; D — neiitepwit; D H He?
V — HEUTPUHO; €" — TIO3UTPOH; ® 0
He’ — uzoron renusi; He* — renuii; ”4 H o
Y — raMMa-KBaHT). He3 He? —» He*

W3BecTHBI 1BE peaknuu oOpa3zoBaHus siiep renus. OpaHa U3 HUX MPOTOH-TIPO-
ToHHas (puc. 53), npoucxoxasmias B ueHtpe ConHila, BTopas — yriepoaHO-a30T-
Has, IPOUCXOASIIas B OCHOBHOM B IIEHTpaX 3BE3]] C BHICOKOTEMIIEPATYpHOH IO-
BEPXHOCTBIO.

§ 38. CosiHeuHass aKTUBHOCTDH M €€ BJUsIHHE HA 3eMJII0 *

3a MHOTOUYMCIICHHBIC TMpoucXonsdmue Ha 3emiie (U3UYECKHEe U OHOoJIoTHYe-
CKHE TPOIIECChI, B YACTHOCTH, U3BMEHEHHUE KJIMMAaTa, MOBTOPSIOIUECS IMUAECMUU,
MPOIIECChI, UAYIUE B HMOHOC]Epe, MarHUTHBIE Oypu U TIOBBLIIICHHE YPOBHS pa-
JIMAllUU, OTACHOTO JJIsI KOCMOHABTOB, OTBETCTBEHHBI PA3IMYHBIC aKTUBHBIC IPO-
neccel, npoucxonsmue Ha ConHie. Bce 3To 1aBHO M3BECTHO Hayke. XOTS 3Ta
npobiieMa enie He pelieHa B MOJIHOM 00bEME, B M3yUE€HUU B3aMMOCBSI3U COJIHEY-
HOM aKTUBHOCTH C YKa3aHHBIMH COOBITUSIMH JIOCTUTHYTHI 3HAUUTEIbHBIC YCIIEXU.

Kak noHnmMare cyniecTBOBaHME TaKOM TECHOW OPraHUYECKOM CBSI3U MEX]Y Ha-
XOIIALITUMUCS IPYT OT JIpyra Ha paccTossHuU 150 MIH KM ABYMsi HEOECHBIMH TeJa-
MU (ConHIIEM M ero CITyTHUKOM 3eMiiéi)? UTo MOXKET CITyKUTh OCHOBHOW MPUYH-
HOW MOA00HOM 3aBUCUMOCTH Ha TAKOM OI'POMHOM PAacCTOSTHUU?

ConHue — MCTOYHUK KU3HU Ha 3eMJI€, U COJIHEYHBIE JIyUd JapsT 3eMie CBET
u termno. Beé 3To Obuto M3BECTHO ¢ ApeBHUX BpeMEH. OHAKO B MOCIETHUE TOIBI
OBUIO YCTAHOBJICHO, YTO DJIEKTPOMAarHUTHBIC BOJHBI B KOPOTKOBOJHOBOM JHaria-
30He u3nydarorcs COJHUEM TakKe C J0CTaTOYHOW MHTEHCHUBHOCTBIO. DTO YIbT-
paduoIeTOBbIe, PEHTTEHOBCKHE M TaMMa-Ty4yu. M colHeYHasi akTUBHOCTD SIBIISICT-
Csl OTpEeNeNsIomIen sl UX UHTEHCUBHOCTH. COJHEUHbIE BCIBIIIKUA U 3PYNTUBHBIE
POTYOEepaHIbl JTOOABISIOT K ATHM H3ITYYSHHUSM TOTOKH DJIEMEHTAPHBIX YACTHUIL
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BBICOKHUX DHEPruil. « COMHEUHBIN BETEP» MU3MEHSAET UHTEHCUBHOCTD 3TUX MOTOKOB
B COOTBETCTBHH C (pa3aMU COJHEYHOU aKTUBHOCTH.

NHTEHCUBHOCTH MOTOKOB UCXOAAIUX OT ColHIA YacTULl U COJHEYHOU pajiv-
allMy CBSI3aHA C U3MEHEHHUEM COJIHEYHOW aKTMBHOCTU U MPOUCXOIAT B OJHO U TO
K€ BpeMs ¢ U3MEHEHMEM 4HClla COJHEYHbIX IsaTeH. Ha puc. 54 npencrasnen rpa-
(UK M3MEHEHUs COJTHEYHON aKTMBHOCTHU. be3ycioBHO, COMHEUHBIN BeTep, NOCTH-
rasg 3emiiu, CIYXHUT NMPUYUHON Pa3IUYHBIX I'e0(pU3NYECKHX MPOIECCOB, B YaCT-
HOCTH, MarHUTHBIX Oypb. B cBOIO ouepenp reopusnyeckue mpouecch BIUSIOT HA
6uocepy 3emnu. B pesynbrare U3MEHEHUS! COIHEUHOM aKTUBHOCTU OTPAXKAIOTCS
¥ Ha pa3BUTHM MHOTHUX COOBITUH Ha 3emiie. B mepByro odepenb Ha CTENeHb €€
YMEHBUICHUS WIH YBEJIMYCHUN PEarupyroT BEPXHHUE CIIOU aTMoc(depsl, B 4acTHO-
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Puc. 55. Ca3b snmaeMudeckux ¢a3
3a00J1eBaeMOCTH X0JIepoH (a) u qudrepueit
(6) ¢ hazamu coHEUHOW aKTHBHOCTH
(KPY)KOLIKaMI/I BBIJICJICHBI I'OJbl MAKCUMYMa
COJTHEYHOU aKTUBHOCTH).

Puc. 54. Tpaduk n3menenns
COJIHEYHOW aKTUBHOCTH
(B 3aBUCHMOCTH OT YHCJIa MATEH).
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CTH, COJIHEYHAs paJualis MopoXKaaeT HOHU3alKI0 HoHOChephl. B cBoio ouepens
ATO MEHSET €€ 3JEKTPOINPOBOAMMOCTD M OTPAKEHUE AJIEKTPOMArHUTHOTO H3IY-
YEHUS.

HNuorna notoku 3apsikeHHBIX yacTull oT CoOJNHIIA TaK YBEJIUYMBAIOT KOHIICH-
TPaLKI0 HOHOB MOHOC(EPHI, YTO MOMIOUICHHE HOHOC(HEPOIl KOPOTKUX PaJHOBOIH
ABJIIETCSA MPUYMHON MPEKPAIICHUs CBSI3U B KOPOTKOBOJHOBOM JUaria3oHe Ha He-
CKOJIBKO MUHYT.

B u3yuenue cBsizeil MEXIYy COJHEYHOM AKTUBHOCTBIO M 3MUIECMUYECKUMH 3a-
OoneBanusiMu BHecC Oombioit Bkian npodeccop A.JL Umwxkesckuii (Poccus). Uzy-
yasi IIHUPOKO PaCpOCTpaHEHHBIE Clydyau Majeka CKOTa, BCHbIIEK 3a00JieBaHUN
X0JIephl, AMPTEprHr, BO3BPATHOTO TU(A U TOMY MOAOOHBIX UH(EKIUH, UX Hadalo,
pa3BUTHE M OKOHYAHWE, OH BOCCTAHOBMJI HEMOCPEACTBEHHYIO CBSI3b ATHUX COOBI-
TUN C COTHEYHOM aKTUBHOCTBIO (puc. 55).

P.II. borauéBa u B.M.boliko n3y4yanu Ha NPOTSHKEHUHM HECKOJIBKUX JECATHIIC-
TUW JAMHAMHKY MoJMoMHenuTa B Pure m Y30ekucraHe M yCTAaHOBWIU CBS3b PO-
CTa 4yucia 3a00JEeBIIMX C COJHEYHOW aKTUBHOCTHIO. YCTAHOBJIEHA CBSI3b MEXKIY
CEepJIEYHO-COCYIUCTHIMH 3a00JeBaHUSIMU U WH(GAPKTOM MHOKap/Aa CO BCIIBbIIIKA-
mu Ha Comnile. M3ydyeHne cBA3M MEXKIy COTHEYHON aKTMBHOCTHIO M 3a00JIeBaHU-
MU HEPBHOM CHUCTEMBbI YEJIOBEKA MPUBEJIIO K MOHUMAHUIO TOTO, YTO COJIHEYHbIE
BCIIBIIIKA MOTYT IIPUBOJUTH K HAPYILIEHUSIM HOPMaJIbHOU JNEATEIbHOCTH HEPBHOMN
cucrteMbl. MHOroe MOXHO CKa3aThb M O BIMSHUM COJIHEYHOW aKTUBHOCTU Ha W3-
MEHEHHUE KJIMMara 3eMJii, OMOJIOTUM PACTeHUH M JIPYTHe MPOLECCHI, MOCKOIbKY
JTABHO JI0Ka3aHa CBSI3b COJTHEYHOW aKTUBHOCTU C HUMHU.

Bonpocsl u 3aganust

1. Kakoii cioit armocdepst ConHiia Ha3zbiBaeTcst Xpomochepoit?

. CymiecTByeT 1 CBA3b MEXKAY MPOTyOepaH[aMH M COJTHEYHON aKTUBHOCTBIO?

. Kak BbI npesicTaBnsiete cebe MOIIHOCTH XPOMOC(EPHBIX BCIBIIICK?

. B kakux crnosx armocdepsl 00BIMHO IPOUCXOAUT panuonsaydenne ComHma?

. B uém ncrounuk snepruu connua?

. B m3MeHeHnn Konm4ecTBa KaKMX COJIHEYHBIX OOBEKTOB OTMEYAETCS COJTHEUH.
AKTUBHOCTb?

. B xakux sBieHusx B armocdepe 3emMiM HAXOAUT CBOE OTPAXKEHUE COJIHEYH
AKTUBHOCTH U Ha OOJBHBIX C KAKUMHU 3a00JIEBAHUSMHU 3TO CKa3bIBACTCSl OTPHIL
TEJIbHO?
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TEMA 15.  § 39. Ilnanersl 3eMHOro Tuna. Mepkypuii u Benepa

Mepxkypuii. Cpenu BocbMu 00X miaHeT COTHEYHOW CHUCTEMBbI OnrKai-
mas k ConHuy — maHeta MepKypuid, KOTOPYIO B APEBHOCTU apalbl Ha3bIBAJIN
VYropyn. Opouta Mepkypusi oTiiM4aeTcs OT OpOUT APYTHUX TUIAHET, MPEACTaBIss
€000l BRITSHYTHIN dmturic. biaromapst sTomy miianera okaspiBaetcst or CosHIla Ha
paccrosauu 0,31 a. e. B mepurenuu u 0,47 a. e. B apenuu. CpegHee paccTossHUE
ot ruanetsl 10 Conuua 57,91 mun kM. [{uamerp Mepkypus 4879 kM, cuna Tsxe-
CTH Ha €ro IOBEPXHOCTH B 2,6 pa3a MeHbIlIe 3¢eMHOM. VIHBIMU cl10BaMHU, 4EJIOBEK,
Becsmui Ha 3emse 80 kr, Oyaer Becuth Ha Mepkypuu Bcero 30 kr. Mepkypuii
oOpataercst mo cBoeit opoure Bokpyr CosHIa co cKopocThio 48 KM/C, coBepliast
noJiHbI 060poT Bokpyr ComHia 3a 87,97 cyTok (MEpKypHaHCKUI TON).

Cpennsisi nHeBHas Temneparypa Mepkypusi +345 rpagycoB, (B Touke, Tae
Comnnile HaxoauTcs B 3eHUTE, nocturaet +480 rpamycos no mkane Lenscust), Ho-
Ypl0 TEMIIepaTypa onyckaercs 10 — 180 rpagycos.

MexnnanetHas ctanuus B 1974 r. Ha pacctosauu 47,981 ThICc. KM OT IJIaHETHI
caenana okosto 500 caumkoB Mepkypus. 11o BHemHeMy BUly TUIaHETa HallOMHUHA-
et Jlyny. Ilonobno moepxuoctu JlyHsl, moBepxHOCTh MepKypusi mojaBeprajach
MHTCHCUBHOM METEOpUTHOUW OOMOapIupOBKE M IMOKpHITA KparepamH, KOTOpbIE
CBUJICTEIBCTBYIOT, YTO MepKypuil MEPEKUII U 310Xy UHTEHCUBHOM 00MOapaupoB-
K MeTeoputami (puc. 56 u 57).

[TnoTHOCTH BemiecTBa, MOKPHIBAIOIIETO MOBEPXHOCTH Mepkypus 3,0-3,3 r/cm?,
CpemHsis TUIOTHOCTh IUIaHETHl 5,44 1/cM?. BO3MOXKHO IIaHETa MMEET KEIE3HOe

Puc. 56. TloBepxHocTh MepKypust Puc. 57. Penbed MOBEPXHOCTH
(cvémika ¢ «Mapunep 10»). Mepkypusl.



AIpO WM, MO KpailHel Mepe, CHIIMKAaTHOE siipo, MpeObIBaroIiee Mmoj JeHCTBUEM
BBICOKOTO JIaBJICHUS B METAJINIM3UPOBAHHOM COCTOSHUU.

CnyTHUKOB MepKypHil HE NUMEET.

Benepa. [lnanera, Ha3zBaHHasi B 4eCTh OOTMHHU JIFOOBH PUMCKOM MH(OIOTHUH,
Haxoautcs ot ConHia Ha cpenHeM paccrosiHuu 108,81 muH kuitomerpoB. Benepa
(y30ekckoe HazBaHue 3yxpo) oOpamaeTcsi BOKpyr CoJHIa CO CKOPOCThIO 35 KM/C,
coBepias moaHbI 000poT Bokpyr ComHia 3a 225 CyTOK.

Crosiias no spkoctu Besen 3a ConnueM u JIyHOH, 3Ta mutaHeTa mpuBieKkaia
BHUMaHue Jrofiel ¢ miyookol apeBHoctu. EE€ naBmkeHune Ha (oHe HEMOABHUKHBIX
3BE3]1 HE3a0JIT0 10 BOocxozaa wiu nocie 3axona ConHua ObUIO 3aMEYEHO OYEHb
naBHO. [109TOMY OHa HOCUT Ha3BaHUE «Y TPEHHEU 3BE3/IBD».

Korma B 1610 1. I'anmneii HaGnronan Benepy B CKOHCTPYHMPOBAHHBIN UM Tee-
CKOII, OH 3aMeTHJI, uTo y BeHepsl, Tak e Kak u y JIyHbl, IpoucxoauT cMeHa ¢as.
D10 OBUIO MEPBBIM JI0OKA3aTEIBCTBOM TOTO, uTOo Benepa, kak u Jlyna, umeer dop-
My 11apa. Benepa HeMHOro MeHblIe 3eMIIM 110 pa3Mepam, e€ JUaMeTp COCTABIISAET
12104 xm.

6 HIoHS 1761 . aCTPOHOMBI CTaJIM CBUJIETEISIMU MHTEPECHOTO COOBITHSI, CBSI-
3aHHOTO ¢ BeHepoii: €€ nBmkeHue NpoenupoBaoch Ha coJHeuHbli quck. Habumro-
JABIINI ATO YIUBUTEIBHOE COOBITHE BENMKHIA pycckuit yuénbiii M.B. JlomoHOCOB
OTKpBLI, uTo Benepa obmamaer armochepoi.

HccnenoBanue Benepsl ¢ mMOMOIIBI0 KOCMUYECKUX alaparoB, HauaToe ¢ 60-x
ronoB XX B., IIO3BOJWJIO IIOJYYHUTb OTBETHI HA MHOTME BOIPOCHI, CBA3aHHBIEC C
ATOW TUTAHETOM. YIanoch OMpENeNUTh Tepuon obpaiieHus BeHepsl BOKpyT co0-
CTBEHHOU ocH 1 Bokpyr CoiHIa.

N3BecTHO, 9TO OCh BpalleHus: BeHepsl nmpakTUuecKu nepreHaukymspaa (93°)
IJIOCKOCTH €€ OpOuThI, MOATOMY Ha BeHepe He HabtonaeTcss CMEHbI BpEMEH Tojia.
Kpome Toro, B pe3ynsrare paJnoJOKallMOHHBIX U3MEPEHUN yAAJIOCh YCTAHOBUTD,
yTo BeHepa nmoBopaunBaeTcsi BOKpYT cBoel ocH 3a 243,16 cyTok u Bpaiuaercs, B
OTJIIMYKE OT JPYTUX IUIAHET, C BOCTOKA Ha 3amaj, T. €. ConHile Ha Benepe Bocxo-
JUT C 3araja.

CrnoxxeHue AByX JBMKEHUH IIJIaHEThl — BOKPYT OcH U BOKpyT CojHIa — NpUBO-
JUT K TOMY, 4TO COJIHEUHbIE CyTKH Ha Benepe nnsarcs 117 3eMHBIX CyTOK.

Baxxnble 1aHHBIE OBUIM MOJYUYEHBI C MOMOILBIO MEXIUIAHETHBIX CTaHIMM «Be-
Hepa-14» u «Benepa-15». Cnyckaemblii anmnapar ¢ «Benepoi-14» coBepmumi mo-
CaJIKy Ha MOBEPXHOCTh IUIAHETHI U OTHpaBWI Ha 3emio ¢ororpaduu ¢ nosepx-
HocTH Benepsl (puc. 58).
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Puc. 58. CHumoxk nosepxHocTH Benepsl,
cJielaHHbIe ¢ KOCMHUECKOoro arnmnapara «Benepa 14y.

B 1978 r. B HanpaBiennn BeHepr! ObUN 3amyIIeHbl Y€THIPE KOCMHYECKUX all-
napata. /[Ba u3 Hux, «Benepa-11» u «Benepa-12», 6pumn coBeTckumu, a «Ilno-
Hep — Benepa-1» u «Iluonep — Benepa-2» — aMepuKaHCKUMH.

Hayunas anmapatypa, pa3MmeleHHasi Ha cryckaembIx amnmnapartax «l[luonep —
Benepa», onpenenuina, 4to arMochepHOe IaBICHHE Ha MOBEPXHOCTH IJIAHETHI
0Ka3aJIoCch HEOXKUAAHHO BBICOKHM — 90 atm. 97% aTtmocdepsl cocTout u3z kapoo-
Hata aHrugapuna, 1% BoasiHbIe Mapskl, a Kuciaopona — Bcero 1,5%. Temmneparypa Ha
noBepxHocTH +470 °C. CTonb BbICOKasi TeMrepaTrypa OObsICHAETCS TEM, 4TO B aT-
Mocdepe TUTaHeThl MHOTO KapOoHaTa aHTUIpUa.

C momouIpio crienuaibHbBIX METOIOB ObLIO YCTAHOBJIEHO, 4TO oOsiaka Benepsr
coctosiT Ha 75-85% w3 Kamenab BOJHOTO pacTBOpa CEpHOUM KUCIOTHL. Ha BbicOTE
40 KM OT MOBEPXHOCTH TUIAHETHI CKOPOCTh BeTpa pocturaet 100—-140 m/c, Ha BBI-
core 10 KM CKOPOCTh CHJIBHO CHUYKAETCS U cocTaBisieT 3—4 m/c.

Pemenniem ['enepanpHoil AccamOien MeXayHapogHOTO ACTPOHOMHUYECKOTO
Coroza B 1991 1. 116 penvedHbIM dmemenTamM BeHepsl ObUIM TIPUCBOEHBI MMEHA
BCEMUPHO M3BECTHBIX XEHUIMH. B 3TOM crucke mmeercss U UMs Hallel coore-
YeCTBEHHUIIBI, modTecchl Homupsl Oernm. E€ mMmenem Ha3zBaH OAMH M3 KpaTepoB
MJIAHETHI.

§ 40. 3emuis1 1 e€ ecTecTBeHHbIN cmyTHUK JIyna. Mapc

3emurs. [lo crenenu ynanenHoctu ot CoiiHIa 3emiisi HAXOAUTCS HA TPEThEM
MecTe B CUCTeME IUIaHEeT. 3eMJIsl OUYeHb KpacuBa, Ha pUCYHKe 59 mpuBeneHa Qoro-
rpacdus 3emun, cienaHHas ¢ MOBepXHOCTH JIyHbl. DKBaTOpHANbHBIN paanyc 3eM-
a1 — 6378 km. OOpamascsk Bokpyr ConHia, 3emiis IBUXKETCS TI0 OpOUTE CO CKO-
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BHYTpEHHEE TBEP0E SAPO

BHEITHEE KUAKOE SAPO
BHYTPCHHSS MaHTHS

BHCIIHAA
MaHTHS
Kopa
(muTocdepa)
Puc. 59. Caumox 3eMitd, CAeIaHHbIN
¢ oBepxHOCTH JIyHBI. Puc. 60. Baytpennee ctpoenue 3emiu.

pocthio 30 kM/c, coBepiiasi oJHBINH 000poT 3a 365,24 nueii. Hakion ocu 3emun
K TJIOCKOCTU OpOUTHI paBeH 66,5°, uTo ABISAETCA NPUYMHON CMEHBI BPEMEH Toja.
CyTtouHoe BpauieHue 3eMJIM BOKPYT OCH IIPOUCXOAMT 3a 23 yaca 56 MUHYT 4 ce-
KyH/bl (3BE3/1HBIE CYTKH). [IprHSATas MOBCEMECTHO MPOIOIKHUTEIBHOCTh COJTHEY-
HBIX CYTOK YCTaHOBJIEHA B 24 4.

Cpennsii mnotHocTh 3emiau — 5,51 r1/cm?, Macca mnpuOIMKEHHO paBHA
6 - 102 kr. ATMOocdepa 3eMiH, MPOCTUPAsCh Ha THICSYH KHUJIOMETPOB, UMEET Mac-
cy 5 teicsiu 160 TpuuinoHoB TOHH. Takas oOmmpHas arMocdepa urpajiga ompe-
JeJIAIONIYI0 pOjib B BOSHUKHOBEHUHU M Pa3BUTUU KM3HM Ha 3emiie. B yactHOcTH,
Ha BbicoTe 20-30 kM B armocdepe 3emi pacroyioKE€H O30HOBBIM CIIOH, KOTO-
pblii moromaer ynaerpaduosneroBoe uzinydeHue CoiHIa, 3allUINas TEM CaMbIM
MIOBEPXHOCTh 3eMJIM OT €ro ryourenbHoro Bosaeiictus. IIpumepno 21% armo-
cepbl mpuxonuTcs Ha Kuciopon, 78% — Ha azoT. OcraBiiasicst 4acTh — HHEPTHBIE
ra3pl: aproH, KapOoOHaT aHTUPU] U BOASHbIC MAPHI.

Tuopocghepa 3emnm. 3emisi — €IUHCTBEHHAs IUIaHETa, OoOJamaromas TUIpo/
ctepoit, KoTopasi COCTOMT M3 OKEaHOB, MOPEW M APYTUX WCTOYHHUKOB BOABI M 3a-
Humaet 71,5% noBepxHoctu 3emuin. Eciiv IPUHATH CPEAHIOIO BBICOTY CYIIM HAJ
ypoBHEM Mops 3a 875 M, To cpeaHsis TTyOnHa okeana coctaBuT 3800 M.

Ha rybune 3450 naxomutcs siapo. OHO JeIWTCA HA JIBE YacTU: BHyTpEHHEe
TBEpAOE sApo panuycoM 1221 KM M KHMIKOE BHEUIHee sapo paauycom 2250 kM
¢ mantueit B 2900 km (puc. 60).
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TBepapiii HUKHUN coi TuTocdepbl goxoauT 10 40 KM, BEPXHSIS 4acTh 3TOTO
CJIOSl Ha3BIBAETCS KOPO JTUTOCKEPHI, HIKHSS — BEPXHAA 4aCTh MaHTUH. Temmepa-
Typa OBICTPO MOBBIIIAETCS MPU NPUOTMKEHUH K LIEHTPY 3eMIIH, JOCTUTAs y HHXK-
Hel rpanunkl ManTuu 5000 °C, temneparypa B nentpe 3emun g0 10 000 °C.

3emiisl SIBJISI€TCSI TUTAHTCKUM MAarHUTOM, O Y€M CBHUJETEIBCTBYET CTPEJIKA KOM-
1aca, yKa3bplBarollasi HalpaBJI€HUE MarHUTHBIX CHIIOBBIX JuHUM. Ha puc. 61 noka-
3aHa CTPYKTypa MarHutochepsl 3eMiIH.

WHuTepecHo, 4TO reOMarHuTHBIE MONTIOCa 3eMIT HE COBITAAIOT ¢ reorpaduue-
ckumu. Koopaunarsl CeBepHOro reOMarHuTHOTO MoJroca: mupora — 78°5" ceep-
HOM IMPOTHI, JoJirora —290° BOCTOYHOM JOJTOThl. MarHuTHas OCh pacrnojioKeHa
nofx yriiom 11,5° k 3eMHO# ocu. Hanpsk€HHOCTh MarHUTHOTO TIOJIS1 BO3pAcTaeT OT
0,25-0,35 no 0,6-0,7 spcren.

Jlyna — ectecTtBeHHbIi cnyTHHK 3emun. Camoe Onnskoe k 3emiie HeOecHoe
Teno — 310 JlyHa, e€ ecTecTBeHHBIN CITyTHUK (puc. 62). Jlyna oOpariaercss BOKpYyT
3emiln Tak e, Kak Bce miaHeTsl BOkpyr CoisHua, 1o smumicy. B MomeHT camo-
ro OJIM3KOTO pacroyioKeHHst K 3emiie (B Mepuree) OHa HaXOAUTCS OT 3eMJIM Ha
pacctosinun 363 400 kM, B anoree — 405400. {uametp Jlynsr 3476 kM, €€ 00bEM
cocrapnser 0,02 oovéma 3emnu. Macca Jlynsl B 81 pa3 menbine 3emuoi. [Ipu-
TsoxeHue JIyHbl B 6 pa3 MeHble, ueM y 3eMiId. YCKOpeHue CBOOOIHOTO IMaJleHus
Ha Jlyne 1,63 m/c2. Cpennssi iioTHOCTH BemiectBa JIynabl 3,3 1/cM?, T. €. MCHbIIE

3emHoi B 1,5 pa3a. /Iuém Ha skBarope Jlynsl Temneparypa +120 °C, B nonHoub
—-150 °C.

e s

Puc. 62. Jlyna — ectecTBeHHbII

Puc. 61. Ctpykrypa MarHuTochepsl 3emin. e
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3B€31b1 Ha HeOe JlyHbl, BuanMas kopoHa CoiHIa U HEBHUMas 3apsl — BCE 3TU
SIBJICHUSI OOBSICHSIOTCSL OTCyTcTBHEM Ha Jlyne armocdeprl. C Bocxoma ComHIa 110
MOJIYJIHSA MPOMJET MOUTH 7 THEU 9 JacoB.

OnvH U3 TpeKpacHBIX BHIOB Ha JIYHHOM HeOe — BUJ IUIAHETHI 3emiis (puc.
59). 3emust BUANTCSA KPAacUBBIM TOJyOBbIM mIapoM, B 4 pa3a OONBIIMM 1O pa3Mme-
pam, yem JlyHna Ha HeOe 3emun. Korma 3emist OyleT BHJIHA TOJHBIM JIUCKOM, Kak
Jlyna B monnomyHue, oHa Oynet sipue Jlynst B 40 pa3. Otomy cobbituio Ha JlyHe
COOTBETCTBYET HOBOJIyHHE Ha 3eMIIe.

Ha Jlyne ecTs HU3MEHHOCTH, BO3BBIIIEHHOCTH, TOPHI (puc. 63). BnepBrie Bce
9TH 00bekThl yBuaen [anuneo [Manuneit, ckonctpyupoBasmmii B 1610 1. cBoit Te-
JIECKOIL.

Camble BBICOKHE TOpbl Ha MOBEPXHOCTH JIyHBI — 3TO AJbIbl, ANIEHHUHBI U
Kagka3. Beicora HekoTopsIX rop nocturaer 9 kM. Ha JlyHe Takke MHOTrO KoJblie-
00pa3zHbIX rop.

B wurone 1969 r. Ha JlyHy coBeplmi Mocajgky CIIyCKaeMbId ammapar KOCMHU-
yeckoro kopabms «AmnosioH-11». AmepukaHckue kocMoHaBThl H. ApMmcTpoHT U
O.0OnapuH — nepBbl€ JIIOIU, CTYNHUBIINE Ha MOBEPXHOCTH JIyHbl. OHU coBepIiianu
JUIATENIbHBIE MporynkH 1o JlyHe u npusesnn Ha 3emirto 00pa3ipl KaMHEH, TPYHTa,

: - Kpuctaymmyeckux mnopoa. B 60-70-x ro-

/! 'l , ,,,f"(.' 3 ¥ 1ax XX Beka «AIOJUIOHBI» JTOCTaBUJIM Ha

: ‘K . u hy Jlyny B oOmieit cnokHocTu 12 acTpoHaB-

TOB, KOTOPBIE MOJYYNUJIU LICHHbIE CBEICHHUS

0 JIyHHOM penbede 1 pu3sndeckoil npupose
JIyHsL

Jia Hayku 1IIeHHOCTbh u3yuyeHust JIyHbI
ompeznensiercss emeé U Tem, yrto Ha JlyHe
HeT arMmocdepbl. MaleHbKHH TeJIecKoll,
JIOCTaBJICHHbIM Ha JIyHy, B CpaBHEHUHU C
OONBIINM  TENECKOIIOM, YCTaHOBJIECHHBIM
Ha 3emJyie, 1aéT BO3MOXKHOCTbH IIOJTyYEHUS
BO MHOTO 0oJjiee pa3 KadyeCTBEHHBIX Hayd-
HBIX MarepuanoB. OTCyTCTBUE aTMOC(heEpbl
Ha JlyHe 1aéT BO3MOXHOCTh JJIsl U3yUEHUs
KOCMHYECKUX UCTOYHHUKOB YIbTpaduonero-

Puc. 63. Kpatepsl u «mops» JlyHsl.




Puc. 64. Tlporynka 3Kxumnaxa KOCMMYECKOT0 anmnapara «AnouioH»
10 IIOBEPXHOCTH JIyHBI.

BOI'0, PEHTT€HOBCKOTO M I'aMMa-BOJIHOBOTO M3iny4yeHus. Ha puc. 65 nokasaH npo-
€KT JIyHHOM CTaHUWH

Mapec. [Inanera, Ha3BaHHas B 4eCTh Oora BOitHBI Mapca, ueTBEpTas u3 IIaHeT
3eMHO# rpymmbl. E€ opburta mponeraer BHe opOuthl 3emin. CpeqHee paccTosHIE
ot Comnama — 227,94 MIIH KM.

Puc. 65. Ilpoext obuTaeMoii HayqHOW CTAHIIMK Ha MOBEPXHOCTHU JIyHBI.
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Mapc — otHOCUTEIRHO HeOombIas wianeTa. Jluamerp Mapca — 6779 kM, mac-
ca — 6,39-10% kr (0,107 maccer 3emmnn). Cpeansisi mI0THOCTH — 3,94 1/cM?, ycko-
penue cBoOoAHOrO NageHus — 3,72 m/c2.

[Tnanera Mapc no cBoum (usudeckuM cBoiicTBam nopobHa 3emie. CyTku Ha
Mapce He3HAuUUTENbHO OTIMYAOTCA OT 3eMHbIX: 24 yaca 39,5 munyt. Ha Map-
ce, Kak W Ha 3emJe, HaOmMIoaeTcs CMEHa BPEMEH rojia, Tak Kak OChb BPALLCHHS
TUTAHETHI HAaKJIOHEHA ToJ yriioM 65°12" k TIOCKOCTH €€ OpOUTHI, TIOYTH TaKUM Ke
kak 1 'y 3emun. OznHako rog Ha Mapce anutcst 686,98 3eMHbIX cyToK (669 mapcu-
aHckux). Ocenbto Ha mupote 350° B mongeHs temneparypa no Llenscuro —20°,
BeuepoM —40°, Houbto —70°. 3uMoil Ha mupore 40° TeMrieparypa HE MOBBIILIAETCS
Bbie —50°, Ha mupore 60° — Boime —80°, 90° C. MunuMasibHas Temneparypa Ha
oBepXHOCTH Mapca He onyckaercst Hke —125° C Ha nomtocax.

Atmocdepa Mapca o4yeHb pa3pe’keHa, CpeqHee IaBlIeHHE Ha MOBEPXHOCTH
pasHo 6,1 muumbap (1 6ap — mpumepno 1 atmocdepa). Atmochepa Ha 95 % co-
CTOUT W3 KapOoHaTa aHruapuaa, 2,5 % aszora, 1,52 % aprona, u Bcero 0,2 % xwuc-
nopoaa u 0,1% BoastHoro napa. CrneruaibHBIMU UCCIIEIOBAHUSIMU YCTAaHOBIICHO,
YTO «IOJIIPHBIE MIAMTKM» — 3TO 3aMEp3MIasi YIIIEKUCIOTa ¢ MPUMEChI0 HEOOIBIIOTO
KOJIMYECTBA BOJISHOTO JIb/IA.

Ha moBepxnoctn Mapca B o6nactu ot 20° g0 55° c. 1. HAXOAWTCS paBHUHA
Onnaga, MOYTH JUIIEHHAS KPaTepoB, M300MITYIONIAas HU3MHAMU U MPOTSIHYBIIAs-

«Bukunur-2» [0

«ComxopHEp»
«Crpim b
0 «ONMOPTHIOHUTH A ST

«Ksropuocutn»

Puc. 66. Kapra mapcuaHCKUX HU3MEHHOCTEH.
(Ha kapre oTMeuyeHbl MecTa MOCAIKU HA HUX KOCMUYECKHUX arlaparos).




cs Ha 2000 kM. B roxHOM monymiapuu uMeeTcst apyrast 0oJbliasi paBHUHA ApPrup
(puc. 66). Ha ceBepo-3anane ot Aprupa pacrnosioxkeHa paBHMHa Tapcuc, Ha KOTo-
pO¥i MHOTO BYJIKAaHOB. 3a HE B CEBEPHOM IOJYILIAPUU PACIIONIOKEHBI 3HAMEHUTbHIE
paBHUHBI AMa3zonus u Ytorug. Ot 50° no 70° mapasnienud npocTupaercst 00Jb-
11as IMyCThIHS, KOTOpas OrpaHUuYeHa KOJIbLIOM Top, oKpyxaromuM CeBepHBIH Io-
JIroC.

Opnno w3 uynec mianetsl Mapc — e€ ropel. B paitone Tapcuc nmerorcst 4eTsl-
pe BBICOKHE TOpbl KOHMYECKOW (pOpMBI. DTH TOpbl BO3HUKIM B pE3ysbTare BYII-
KaHUYECKOW AesATEeIbHOCTU. J(nameTp Kparepa Ha BEpIIMHE CAMOW FOYKHOM TOpbI
Ap3zus — 130 km. Onumn, BbIcOYaiIIas U3 rop, B HECKOJIBKO Pa3 BBILIE BYJIKAHOB
3emun. lnametp ero ocHoBaHus — 600 kM, BbicoTa — 27 KM.

Eme ogna ocobenHocts Mapca — 3T0 00pa3oBaHMs, TOXOKHE HA OIPOMHBIE
TpemmHbl. Ha 20° Kk BOCTOKY OT ropsl Ap3usi BUJAEH OJMH U3 TaKMX pPa3jIOMOB,
npotanyBimiics Ha 400 kM. [lIupuna ero mecramu goxomut a0 30 kM, riryOuHa —
JI0 2 KM.

Ha moBepXHOCTH «KpacHOM IIAHETHD» MOXXHO HAOIONATh M Pyciia BBICOXIINX-
pek. Cpean Hux npumepHo Ha 30° ro. m1. BbiAensAeTcsa pycio peku Hupran, ume-
fomee anuHy 400 KM M OTHOCAIIEeCs K IPEBHEUIIMM MTOTOOHBIM 00pa30BaHUSIM
(puc. 67). Bunna taxxke apyras pexka MaaguMm, ¢ quHoi pycina 700 kM, B HEKO-
TOpPBIX MecTax oHa umeeT mupuHy 80 kM. TOUHO M3BECTHO, YTO CETOAHS B pyciax
3TUX PEeK HeT HUKakoi BoAbl. B 1976 rogy xocmuueckuil anmapar «BukuHr-1»,

Puc. 67. Pycno pexu Hupran na Mapce.



Puc. 68. Caumoxk nosepxHoctu Mapca, Puc. 69. Cnyrauk Mapca ®@oboc
cnenannblii KA «Bukunr-1» (CILA). (pa3mepsnl 18%22 xm).

COBEPIUMBUINI MOCAJKY Ha OJHY M3 MapCHAHCKUX PaBHUH YTONUS, OTHPABHII Ha
3eMJII0 M300pakeHMsI OKpYXKaromeid ero MectHoctd. Ha cHMMKax BUAHBI 0OJb-
IIMe BaJIyHBI U Mecyanble 0apxasbl (puc. 68). [IpuanHOM WX MOSIBICHUS SBIISIOT-
csi MapcuaHckue Oypu, Oymryromue Ha Mapce. Ha cHuMKax BHIHO, Kak cO JHA
KpaTepoB U U3 TPEIIMH Ha OBEPXHOCTH MOAHUMAETCSI TyMaH. DTO MOJATBEPKIAET
TUIOTE3y O Hajduuuu Ha Mapce Boabl (B BUJE JibJa). bbuin ompeneneHsl ycio-
BUs, TO3BOJISIOLIUE ClIENaTh BBIBOA O BO3MOXKHOCTHU JKU3HHM (MUKPOOPTraHHW3MOB)
Ha Mapce.

Y Mapca ecth n1Ba ectecTBeHHBIX crmyTHHKa — Poboc (Ctpax) m [eiimoc
(Yxkac). Pazmepbr ®oboca mo JIByM B3aUMHO TMEPHEHIUKYISIPHBIM Hampaslie-
HUusAM — 18 u 22 kM (puc. 69), a Iletimoca — 10 u 16 kM. ®obGoc HaxoauTcs Ha
pacctosinun B 6000 kM ot Mapca, nepuoa ero oOpaiieHust — 7 4acoB 3 MUHYTHI.
Heiimoc ynanen Ha 20 000 kM, ero nepuon obpamienust — 30 yacoB 18 MUHYT.

Bonpocsl u 3axanust

Yto Bam u3BecTHO 0 pasmepax Mepkypus?

Yro BeI 3HaeTe 00 armMocdepe Benepsl, e€ ¢pu3nueckux ycioBUsX (IaBICH
TEeMIIEpaType) U cocTaBe?

Haiite obuie cBeneHus o Hamel ruianete 3emirs. Kakue BHyTpeHHUE CIOH
CTaBJISIOT IJIAHETY?

UYro BEI 3HAETE O penbede JlyHan?

Hazosute ueptsl cxoncTBa y Mapca u 3emin.

MoxHO 51 cuuTarh HaOmogaemMple Ha Mapce KaHbOHBI HACTOSIIUMHU PYCIT
pek?
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TEMA 16.  § 41. ILll1aHeTbI-TUTAHTBI, X CIIYTHUKHU M KOJbLA

FOnurtep. Camas Gonbinas u3 riaHer COJHEYHOM CHCTEMBI 3araJloqHOCTBIO
CBOEH MpUpOABl M BHYTPEHHETO CTPOCHMs BCEraa MpHBIEKala K cebe BHHUMa-
Hue actpoHomoB. Cpennuit paauyc FOmurepa B 11 pa3 Gonbuie paauyca 3emin.
Ora ruranrckas IiaHera odpamiaercs Bokpyr ColsiHIIa Ha pacCTOSHUU MPUMEPHO
778 mnH kM. CkopocTh oOpamienus mianetsl Bokpyr Comnna 13 km/c, ogu 060-
pot Bokpyr CojHIla OHa coBepIaer 3a 12 yer.

B omnnuume oT muiaHer 3eMHOM TpyIinbl, 3KBaTOpHasibHas yacth FOnuTepa co-
BepIIaeT OAUH 000pOT BOKPYT ocu 3a 9 dacoB 50 MuHyT, ObICTpEE, YeM Ha IIHU-
poTax ceBepHee U rokHee skBaropa. Macca FOnurepa B 318 pa3 Oosblie Macchl
3emun. Cuna nputsbkenus FOnurepa mo 3Toil ke mpuuuHe B 2,5 pasza Oosnblie
cuiibl 3eMHOro nputsbkeHus. Ha FOmurtepe ecth 00BEKTHI, 10 CHUX THOp OCTalo-
HIMecs 3arafkod. DTO MOJOCHl IIMPUHONW B HECKOJIBKO THICSAY KHIJIOMETPOB, KO-
TOpbIe MapaJljIeNbHBI 3KBaTopy IaHeTsl (puc. 70). K mpounM 3araiouHbiM 0Co-
OCHHOCTSIM TIJIAaHEThI OTHOCUTCS M OTKpbiToe B 1878 romy bombimoe Kpachoe
[TatHO. DTO OrpoMHOE OBalibHOE 0OpazoBanue juHOW B 30 000 kM, a mIUPUHOI
B 13000 kM. UHTepecHo, uro bonbmoe KpacHoe IIaTHO, yyacTBys B CyTOUHOM

Puc. 71. Habmonaemoe Ha MOBEPXHOCTU
IOnurepa bonbmoe Kpacuoe IIsatHo.

Puc. 70. O6muii Bux KOmmrepa.

6—-Acmpornomus, 11 knacc 81



BpAlllCHUU TUIAHEThI, MEHSIET K TOMY e CBOE MOJIOKEHUE, CABUTAICh HA HECKOJIb-
KO IpajlyCoB B pa3HbIX Ha MPaBICHUSIX.

Atmocdepa FOnmrepa cocTouT U3 BoIOpo/a, Teirsl, METaHa U aMMHUaKa. 3Ha-
YUTENBHYIO YacTh aTMOC(EphI coCcTaBISIIOT Boaopoa (90%) u renmii (9%).

Hannume BoOmsHBIX mapoB B aTrMoc(epe TUTaHTCKOW IUTAHETHI CTAO0 OOJb-
LI0M HEOXKMJIAHHOCTBIO: YUEHbIE IIpeanoaraiy, yto npu remneparype —130 °C u
HUKE BOJIa JIOJKHA ObliIa MPEBPATUTHCS B JIE.

l'mranTckas muanera 00Ja1aeT MAarHUTHBIM TI0JIEM, 3aXBaThIBAIOIINAM TTOJIOKH-
TEJNBHO U OTPHILATENILHO 3apsHKEHHBIE YaCTHUIIBI COJIHEYHOTO BETPa M MMEIOLINM
CIIOKHYIO CTPYKTYpy. B HiTOre 3TO MpUBENO K MOSBICHUIO CUIILHBIX MOSICOB Pajiu-
aluy, Kak y 3eMIIu.

Onurep pacnonokeH Ha paccTossHuM S a. €. oT CoJHLIAa U IO3TOMY MOJIY4YaeT
or ConHua B 27 pa3 MeHblLIEe KOJIWYECTBO AHEpruu, yeM 3emis. Hecmorps Ha
3TO, BCA MOBEPXHOCTh IJIAHEThl M3JIy4YaeT 3HEPIuio, INIaBHbIM 00pa3oM B pajuo-
U nH(pPaKpacHOM auanas3oHax, B 2,5 pasa Oomplryto, yem mnomydaer ot ComHIa.
Ha ocHoBaHuu nocnenHuX JaHHBIX O IUIaHETe OblIa MOCTPOEHA MaTeMaThyecKast
MoJIeNTb €€ BHYTpPEHHEro crpoeHusi. COrmacHo 3TOM MOJENN BBICOTAa aTMOCQeEphI
iaeTsl ~10* KM, HIDKE STOW TPaHMIIBI HAXOIUTCS Macca B BHUJIE KUAKOW (a3bl,
B LIEHTPE IUJIAHETHI — PO, COCTOAIIEE U3 TSHKEMBIX 37eMeHToB. Ha moBepxHocTH
IUTaHETHl aTMOC(EepHOe TaBIEHUE JOCTUTAET HECKOIBKUX JIECATKOB THICSY aTMO-
cdep, a temneparypa 15000-25000 °C (puc. 72).

FOnutep BMecTe co CBOMMHU CIYTHUKaMH 00pa3yeT ceMeHCTBO IaHeT. Yucio
€ro CIyTHUKOB, BKJItO4as HeOonbiue, npesbimaer 60. Cambie Oosblline CIyTHH-
ku 3Toro cemeiictBa B 1610 . o6Hapyxwun I. ['anuneit (puc. 73).

B mapre 1979 roga Ha pacctosauu 278 Thicad kM oT FOnurepa npouuia aB-
tomaruueckas cranius CLIOA «Bosxep-1», 3atem u «Bosiakep-2», OHM BHECIIH
Oonbioi BkiIaa B n3ydenuu lOnurepa u ero cyTHUKOB (puc. 74). Ha cHumKkax,
cnenaHHbeiX «Bosmkepamuy, BugHO Oombinoe, pactsanysmeecs Ha 30 000 kM mo-
JSIPHOE CUSIHUE TUTAHETHl M BCHBIIIKUA B atMocdepe, nogooHbie MoHuAM. [Tomu-
Mo 3T0r0, Ha BbIcoTe 57 000 KM OT €ro MOBEepXHOCTH OOHAPYKEHO KOJIBLIO HIMPH-
Hoit 8700 kM u ToMmKHOM He 6onee 30 kM, moxoxkee Ha Konblla CaTypHa.

ABroMarudeckas ctaHius nponuia BOau3u Mo, cnytHuka Onurepa, Ha pac-
crossHUH 19 THIC. KM M OOHapy)Xuja Ha €ro NMOBEPXHOCTH M3BEP)KEHUE BYJIKaHA
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Atmocdepa
Kunkuit Bomopon

Kunakuii Mmetamm-
YECKHUI BOJIOPOJ

¥. e
#o-

Kajucro

-~
N

Puc. 73. Pazmepsl ['anuneeBbix

Puc. 72. Bayrpennee ctpoenue FOnurepa.
CITyTHHUKOB B CPaBHEHHHU.

(BbIcoTOM 160 KM), ropucThIe 00pa30BaHUs, PACTAHYBIINECS HA HECKOIBKO COTEH
KAJIOMETPOB, U mponactu. JlecsaTku oOHapy:keHHBIX Ha moBepxHocTH Kammucro,
JPYyroro CIyTHHKA, IPKUX MATEH MOXKHO MPEANOIOKUTEIbHO CUUTATh KPATEPAMH.
Opun u3 kparepoB Kamincro okpykeH KOHIEHTPUYECKMMH KOJbL[AMHU TOp, pac-
CTOSIHUE MEXIY KOTOPBIMHU B OTAENBHBIX MecTax focturaer 1600 kM.

«II-11»

«B-2» (24.01.1986)

Puc. 74. Tpaexropuu anmaparoB «IIuonep-10», «ITuonep-11», (IT-10», «I1-11»)
u «Bosmxep-1», «Bosmxep-2» («B-1», «B-2»).
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Carypu. CarypH ycrynaeT mo BeiluuyuHe Tojibko lOmurtepy, ero muamerp
120800 km. Cpennee paccrosinue ot ConHia — 9,5 a.e., To ectb CaTypH HaXOAMT-
cst ot Conuna Ha pacctosiuuu 1427 moH kM. [ImaneTa aBuxkeTcs o cBoeii opoure
CO CKOpOCThIO 9,6 KM/c, oOpamasick Bokpyr CoiHIla ¢ mepuojaoMm B 29 jeT, 5 Me-
csaues, 16 aueil. Tak xe, kak u y FOnurepa, ckopocts BpamieHus CatypHa BOKpYT
CBOCH OCH pa3inyHa Ha Pa3HBIX MIUPOTaX IJIAHETHI.

DKBaTopHalibHasl MJIOCKOCTh IUIAHETHI COCTABISIET C IUIOCKOCTHhIO €€ OpOUTHI
yron 26°45'. 'V Carypna umeercs komblo mupuHoit 60 000 kM u TonmuHoit ot 10
o 15 kM. Hamnumem komnbiia CarypH MO BHEIIHEMY BHJIY PE3KO OTIUYAETCS OT
JIpYTHX IJIaHeT (puc. 75).

Ocenbro 1980 roma BOMm3u CarypHa npomnia aMmepuKaHcKasi cranmms «Bosi-
xep 1». CHUMKH, cAellaHHble KaMepaMM 3TOM CTaHLMM, [TOKA3aJIM, YTO UMEIOTCS
JECATKH, JaKe€ COTHU OTAEIbHBIX Kosell CaTypHa M 4TO Ha UX IUIOCKOCTH BOKPYT
Carypna oOparmiarorcst gocturaronue 80 KM B quaMeTpe HeOOJbIINE €CTeCTBCH-
HbIE CITyTHUKH.

Habmronenust mokaszaiu, 4To TeMiieparypa Ha nmoBepxHocTH ruianetsl —180 °C.
B armocdepe mimaHeTsl, kKak M B arMmocdepe
FOnurepa oOnapysxen meran CH4 n ammuak —
NH;. B 1974 romy B armocdepe mMiaHEThI
o611 0O0HapyxeH sTan C,He.

CocraB 2J€MEHTOB IUTAHETHI HE OTJINYa-
ercs oT coctaBa lOnurepa u cocrout Ha 93%
u3 Bojopona u Ha 6% wu3 remmsi. Atmocdepa
Carypna npoctupaercs Ha 1000 kM, HIKe €€
HAXOJIUTCS CJIOW BOAOPOAHO-TEIUEBOM CMECH.

Ha rmyOune, paBHO# MONOBUHE paguyca
IUIaHeTsl, TeMreparypa aocrturaer 1000 °C.
naBieHue okoino 3 muiH atmocdep. Ha riryou-
e 0,7-0,8 maHeTHOrO pajauyca BOAOPOJ Ha-
XOIUTCS B MeTayumdeckon (aze. Huxe storo

CIIOSl  PACTIOJIOKEHO CHIIMKATHO-METaJTHye-
CKO€ SIJpO, Macca KOTOPOTO paBHA MPHUMEPHO

Puc. 75. Konbua CarypHha.

NEBATH MaccaM 3emu (puc. 76).
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Tutan, camplii Oonbiiol cmyTHukK Ca-
TypHa (aTMoc(epa KOTOPOTO COCTOHUT B OC-
HOBHOM M3 a30Ta U METaHa), HAXOJUTCS Ha
BTOPOM MECTE 1O BEJIMYMHE MOCJIEe CIyTHHU-
ka lOnurepa N'anumena (puc. 77), nuameTp
kotoporo — 5151 km. beuto nokazaHo, 4To
B arMocdepe Turana umeeTcsi MHOTO BOJIO-
pona. «Bosmxep-1» B 1980 romy obnapy-
JKUJI 1IECTh HOBBIX cnmyTHHKOB CarypHa. B
HacTosiIIee BpeMs n3BecTHO Oosee 60 cryT-
HUKOB.

Ypan. Ilnanera VYpan Obuta OTKphITaQ

JKuakni BOIopo.t

KIKui
MeTaInye kg

Puc. 76. BayTpennee cTpoeHune
Carypna.

MY3bIKAHTOM, @ BIOCJIEICTBUU 3HAMEHUTHIM acTpoHoMoM B. I'epmieniem B 1781 1.
Huamerp Ypana — 50724 kM, macca B 14,59 pa3 Gosnblie 3eMHOM, CpeqHssl MII0T-
HOCTh 1,2 T/cMm2. OHa Haxomutcst oT ConHna Ha paccrosiHuM 19,2 a.e.
OpOuTtanbHas ckopocTh YpaHa — 6,8 kmM/c, mepuoa obpameHust Bokpyr CoiH-
na — 84 roma. OmHAKO BOKPYT CBOEH OCH IUIAHETA BPAIMIAETCS JOCTATOYHO OBI-

cTpo, iepuoxa oopamenus — 10 4. 49 muH.

Ha ne6ocBone Ypana Comnne BuaHo mon yriioMm B 2'. M3Mepenus 000710YKH
VYpaHa ¢ MOMOILIBIO PaJMOBOJIH MTOKA3ajl0, YTO €r0 CPeAHssl TeMIepaTypa COCTaB-

et —200 °C.

VYpaH, cocTosNIi B OCHOBHOM M3 BOJAOPOJAA U TEJIHS, COACPKUT TAKKE METAH.
B cooTBeTcTBUM € MOTYyUYEHHBIMU CBEJEHUSIMH €0 BHYTPEHHEE CTPOCHUE YUCHbIS

MPEACTABIIAIOT TaK, KaK ITIOKa3aHO Ha puc. 78.

Puc. 77. Cnytauku Carypna (camblii 0ombinoii — Tutan).
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Puc. 78. Bayrpennee
CTpOEHHUE YpaHa.

N3Becten 21 cnyTtHuk 1utaHeTsl. J[Ba caMbIx
OOJBIIKNX M3 HUX OTKPBITHI l'eprieneM M Ha3BaHbI
Tutanust 1 O6epoH. DTH WMeHa ObUIM HCIIOJIB30-
Banbl B. Illekcnupom B xomeanu «CoH B JIETHIOIO
HOYb», OHU CTAJIM U3BECTHBIMU U NMOMYJIApHbIMU. C
TeX MOp Bce OOHapy)KEHHbIE CIIyTHUKU YpaHa TaK-
KE HOCAT UMEHA nepcoHaxeil nbec Llekcnupa.

Hentyn. B 1820 r. mnapmxckuii acTpoHOM
A.broBap cocTaBmsl OYeHb TOYHBIE TAOIHIIBI JIBH-
xenus lOnurepa, Carypna u Ypana. Ho cnycrs
10 net YpaH OTKJIOHWIJICS OT paHee BBIYUCICHHOIO
MIOJIO’KEHUSI Ha HECKOJIBKO JIECSTKOB CEKyHJ IyTH.
Bb10 BBICKA3aHO TPEANONOKEHUE, YTO MPUYUHON

TaKUX OTKJIOHEHMU SBISAETCS NPUTSHDKEHUE HEU3BECTHOM IIJIAHETHI.
3a pazpelieHre 3TOi JOCTaTOYHO TPYAHOM MaTreMaTHYeCKON 3aJadyM B3sUIMChH
HE3aBUCUMO JAPYT OT Jpyra JIBoe Y4€HbIX — (paHIly3cKkuil MatemaTuk Y. JleBepbe

¥ MOJIOJION aHmHiickuil actpoHoM JIxx. Anamc. 3aBepmuB B 1846 1. cBOM BbIUKC-
nenusi, Jlesepbe HampaBmil B bepiuHCKYI0 00cCepBaTOpHIO, W3BECTHYH) CBOMMU
TOYHBIMU 3BE3IHBIMU KapTaMH, COOOIIEHHE O TOM, IJe, 10 €ro MHEHUIO, HaXo-

JIUTCSL HOBas IJIaHETa, U MOMPOCUI MPOBEpUTh. 23 ceHtadps 1846 r., Hemenkuii

Puc. 79. Jlo HacTosIIETO
BPEMEHH BHYTpPECHHEE
ctpoenne HentyHa
MIPEMOI0KHUTEIHHO TAKOE.
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acTpoHoM npocdeccop 'ane oOHapyKU HOBYIO IUIAHETY Bcero B 1° or ykasaH-
Horo JleBepre Mecta. Ilmanere OBIIIO MPHCBOEHO MMSI PUMCKOTO Oora Mopei u
okeaHoB HenryHa.

Hentyn HemHoOro mensiie, yeM Ypas, ero guametp — 49224 km. [1notHoCcTh —
1,6 r/cm?, paccrosiaue ot Comuna — 30,1 a. e. Macca rutanetsl B 17,2 pasa 0oib-
me Macchl 3emiu. Ilepuon o6pamenus Bokpyr Connma — 164 roma 280 mgHei.
Onua 000poT BOKpYT cBOoel ocu Herntyn coBepraer 3a 15,6 4.

Crnextpockonnueckue HaOIIOeHus, ClellaHHble ¢ MoMoIblo «Bosmxeposy
YKa3bIBAalOT HAa HAJM4YME BOJOPOJA M MeTaHa. Tak Kak IUVIOTHOCTb Ha MOBEPXHO-
ctu Hentyna Beime mnorHoctu FOnutepa u CatypHa, To ObUIO BBICKA3aHO TaKXkKe
IPEIONI0KEHUE, UYTO OHA CONEPIKUT OOJIbLIE TSHKEIBIX AJIEMEHTOB (puc. 79).

B 1846 1. actponom Jlaccen oOHapyxun Oomnbinol cryTHUK CarypHa, Ha3BaB
ero Tputonom (puc. 80). TputoH pacrnonoxeH Ha paccTossHUM npumepHo 383 000
kM oT HemnryHa, BpaiieHHe NMpPOUCXOAHUT MO OOpaTHOMY OpOUTAIILHOMY JBHKE-
HUIO0. DTOT CIYTHHUK OKPYKEH JO0CTATOYHO IJIOTHOM atmocdepoi. B 1949 romy
Koiirep oOnapy>kun emé onuu cryTHuk Henryna m HasBan ero Hepewmmoii. Ero
nuameTp Bcero 300 km. O6HapysxeHo 6osee 10 CIIyTHUKOB TTAHETHI.

Ox3omianeTbl. CeroiHsg 4eM TIyOKe U3ydaeTcss KOCMOC, TEM Yallle y JIFoACH
BO3HHUKaeT Borpoc: «Omau i Mbl Bo Becenennoit?» Ho no cux mop Her yOenu-
TEJIBHOTO OTBETa Ha 3TOT Bompoc. M3yuas mianersl CONHEYHONW CHCTEMBbI, HU Ha
OJTHOM M3 HUX CJIEJIOB JKU3HEIEATEIbHOCTH HE HallIu. [[03TOMy €CTh OCHOBaHUs
CUMTATh, YTO HAIlla [IMBWJIM3AIIMS, T.€. TUIAHETA C Pa3yMHBIMHU CYIIECTBAMH, €IUH-
cTBeHHas B COJTHEUHOH cucTeMe.

OpHako acTpoHOMaM JaBHO M3BECTHO, yTOo CoOsHIIE HE €AMHCTBEHHAs 3BE3Za
BO BceneHHOM M 4TO Takux 3BE3]1 — OECUMCIEHHOE MHOXECTBO. BOKpyr Heko-
TOPBIX M3 MWUIMAPIOB 3BE3]1 MOTYT BpallaTbCs TAaKHE K€ CIyTHUKH, KaK Halla
3emiia. C GonbIION BEPOATHOCTHIO HAa HEKOTOPBIX M3 HUX OyAyT ycioBHs, Onaro-
HOPUATHBIE JUIsI BOSHUKHOBEHUS U Pa3BUTHUS Pa3yMHOW KM3HM. Takue IJIaHETHI,
BpAIAIOIIKAECS BOKPYT APYTuX 3BE37, HaXOMALIMXCs 3a mpenenaMmu Hamed Coul-
HEYHON CUCTEMbl HA3BIBAIOTCS IK30MIaHemamy (C JATUHCKOTO «IK30» — BHEIl-
HUMN) TITaHET.

[lepBas muanera Obla oTkpeITa emé B 1995 romy Omarogaps co3gaHHOMY
actpoHomamu JKeHeBckoit oOceparopun M.Maitopom u 1. KBemocom cBepx-
TOYHOMY CHEKTPOMETPY, KOTOPBIA MOT OMNPEJCIUTh HE3HAYUTENIbHbIE CMEIECHUs
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muHU# criektpa 3BE3x (mpumepHo 13 m/cex). C 1994 roga oHu u3ydanu JiydyeBbie
ckopoctH 142 33 Hamelt ['anaktuku u B ciektpe 51 3Be3nnl co3Besnus [leraca
U3-3a BIMSIHUS €T0 CIIyTHUKA OOHApYyKWIN «KoyiebaHus» ¢ nepuoaoM 4,23 CyTok.

C moMOIIIbIO TAKUX UCCIICTOBAHMK 70 KOHIIAa XX CTOJETHSI ObUIO OOHAPYKEHO
6onee 20 sx3ormnaneT. OTnpaBieHHbIN B kocMoc B MapTe 2002 roia KOCMUYEeCKUN
annapar «Kemep» 10 Hactosuiero momeHta obHapyxun Oonee 1000 sx3ormuia-
HET BOKPYT cocenHux 3BE31. Camble OObIIME K30MUIAaHETHI MOXokH Ha IOmwmrep
(mx maccel B npenenax ot 0,19 no 13 macc Omnmutepa) m cocTosAT, B OCHOBHOM
u3 Bogopoaa u renus. Mx HaseiBaror «lOnurepamny». B ConHeuHoil cucreme Ta-
ke mianetsl FOnutep u CarypH. HamHoro mesbie no macce «tOnurepos» k-
3omiaHeTsl «HentyHs», Maccel kotopbix or 7 g0 60 macc 3emun. B ux cocra-
Be ObUTM OOHApYXKEHBI BOAA, aMMHAK, YIIIEKUCIBIN ra3 U CKaIucThie mopoasl. [1o
MHOTHM XapaKTEPUCTUKAM OHU MOXOKH Ha Tu1aHeTbl COIHEYHON cucTeMbl YpaH U
Henrys.

CaMmble MalieHbKHE SK30IUIaHEThl «3eMiInm» (Maccol MeHblle, 4yeM 7 macc
3eMJIM) COCTOSIT U3 CHIIMKATOB METAJUIOB M IPYTUX TBEPMABIX YACTHUI[ — SBISIFOTCS
IIPEICTABUTEISAMU IIJIaHET 3eMHOro Ttumna. B ConHeyHON crcTeMe IUIaHeThl TaKoro
tuna — 3emis1, Benepa, Mapc u Mepkypuii.

Jo ampens 2018 roga kommdecTBo 00HAPYKEHHBIX HK30IIAHET COCTABUIIO 00-
aee 3750.

BOl'lpOCI)I H 3aJaHusA

1. U3 kakux razos coctout armocgepa KOnurepa?
. Kakue actponomuueckue craHiuu uccienoBanu fOnurep?
. U3 yero cocrosat konbua Carypna?
. Kakue aBromarmueckue craniuu usydanu CarypH? CKOJIBKO €CTECTBEHHb
CIIYTHUKOB OOpamiaeTcst BOKPYT TUTAHETHI?
. Yro BBI 3HaeTe o Turtane, camom OomnbiioM cryTHHKE CarypHa?
. Yto BBI 3HaeTe 0 BHYTPEHHEM CTPOECHUN YpaHa?
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TEMA 17.  § 42. Acteponabl U KapJIMKOBbIe IVIAHETHI

B 1596 1. B cBoeil kuure «Taiinbl kocmorpapuu» HMorann Kemnep Bbickazan
NPEIoIoKEHUE, YTo MeXIy opOutamu Mapca u lOnutepa H0mKHA HAaXOAUTh-
Csl €llle OJlHA IUIaHeTa. JTa TMIIOTEe3a MOJIyYHsIa MOATBEPKICHUE CIyCTs 1B CTO-
JeTus, Korna Oblia HaiifieHa smnupudeckas (GopMmyna s CPEJHETO PacCTOSHUS
wianet ot Conuua. B 1772 1. ButtenOeprckuii actponom Morann Tunumyc namen
(bopMyiTy, COIacHO KOTOPOM 0oJbIlasi MOJyoCh OPOUT IUIAHET CIEAYIOLUMM 00pa-
30M BBIPAXKAEeTCs B ACTPOHOMUYECKUX €AMHUIIAX:

a=(0,4+0,3-2) a.e., (*)
rmen-—o,0,1,2,3,4, ...

B tabnuie 2 Gomnpinme moimyocu opOUT IUTAHET, HAWACHHBIE C MIOMOIIBIO ITOM
(bOpMyIIbI, CPABHUBAIOTCS C UX NCHCTBUTEIBHBIMU 3HAUCHUSMH.

Tabnuya 2
Boabmas mosyocs opouTHI
N Cpennee
TUIAHEThI, HaliIeHHast
Ne  [lnanera 1o dopmyse Tumiyca (*) paccTosinie MJIAHeThI
PMY Ty a0 CostHna
(a.e.)

1 Mepkypuit -0 0,4 0,4

2  Benepa 0 0,7 0,7

3  3emus 1 1,0 1,0

4  Mapc 2 1,6 1,52

5 ? 3 2,8 —

6  HOnurep 4 5,2 5,2

7  Carypn 5 10,0 9,5

bepnunckuit actponom HMorann boze, y3uaB 00 otkpsiTun Tuimyca, nepenpo-
BEPHWJI €0 PacyeThl U MPHUIIOKUI MHOTO YCHJIMH AJisl TOTO, YTOOBI PUBJIEYb K HUM
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BHUMaHue. [locne atoro ¢popmyna noiayuyuna HazBanue npasuwia Tunuyca-bozae. B
pe3yabrare npeanonoxeHus Kemiepa o BO3MOKHOCTH CyIIE€CTBOBAHUS HEU3BECT-
HOW TUTaHeThl MeXIy opoutamu Mapca u FOnutepa Ha pacctosiHuu 2,8 a.e. OT
ConHiia moOyIuiIo MHOTUX aCTPOHOMOB 3aHATHCS €€ MOMCKaMHU.

B 1801 r. uranbsuckuit actponom [xy3enre [luaniy oTKpbUT TUIAHETY, HAXO-
JIUBIIIYIOCS] B CO3BE3A1HU Tenblla Ha paccTossHUU pumepHo 3 a.e. oT ConHua. Jta
nanera nojayuuia HazBanue Llepepa. o 1807 roma Ha TakoM e pacCTOSTHUU OT
ConHIla acTpOHOMBI ONIPEIESTHIIM MECTOMONIOKEeHHE el TpEX TutaHeT — [lannaasl,
IOnonsr u Bectel. X Ha3Banmu acrepousiaMu (10 TPEYECKH — «3BE3OTOA00HBI-
Mu»). K 1890 rogy mx komuyecTBO jaonuio a0 36. BHauane masibiM IUlaHeTam
NPUCBAaWBAINCh WUMEHA TE€pOoeB W OOroB PUMCKOTo maHTeoHa OoroB. C 45-if mo
CY€Ty IUIAHEThl UM CTAJIM JaBaTh JKEHCKHE MMEHA, 3aT€M UM CTaju NpPHUCBAUBAThH
uMeHa, o0pa3oBaHHBIE OT Ha3BaHUM pasnenoB Hayk — dunocodus, I'eomerpus,
FOctunus, n HacenéHHbIX MyHKTOB. Bo BpeMst BTopoii MupoBoii BoiiHBI paboTaBs-
mmii Ha Kutabckoil MexayHapOIHOW IMIMPOTHOM CTAaHIMH COTPYIHUK KpbIMCKoOit
obcepBartopun npodeccop I. Heyiimun oHOM U3 OTKpBITEIX UM TutaHeT (Ne 1351)
B YECTh Hallel pecrnyOauKu Aal uMs «Y30€KHUCTaHUS.

Maccer actepousioB — ot 2,38 - 10'° xr (BecTa, koTopasi MEHbIIIE MacChl 3eMJIU
B 25 pa3) no 102 kr (I'epmec). CpenHsst IIIOTHOCTh OT 2 I/cM? (KaMEHHBIE acTe-
powuibl), 10 7—8 r/cM? (3KeTIe3HO-HUKEIICBBIC).
Ha puc. 81 nokazaHo B3auMHOE€ PacloJIOKe-
Hue Bokpyr ConHIa OpOHUT TPyl acTepo-
UJIOB.

Actepounsl HMxap, I'epmec, Opoc u Ano-
HUC TIEPUOUYECKH MPUOIMKAIOTCSA K 3emiie.
[Ipu 5TOM HX paccTosiHUS 10 3eMJIU MEHSIOT-
¢ oT 1 MuTH KM 10 23 MITH KM.

Ho He cnemyeT BONHOBAThCS IO IMOBOLY
npuOIMKEHUsT acTepouIoB K 3emie. Borumc-
JeHUEeM OpOUT 3TUX aCTEPOMIOB 3aHUMACT-
csi Oonpliasi rpynma acTPOHOMOB, TO3TOMY

Puc. 81. OpOUTBI rpyIImbl 00 OMacHOCTH CTOJIKHOBEHHS 3E€MJIH C TIPH-
MaJIbIX IUIAHET. ONMMOKAIOIIIMMCST aCTEPOUIOM OyIeT U3BECTHO
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3apaHee. YUeHbIMH pa3paboTaHbl MEPONPUATHUS, KOTOPBIE MOMOTYT U30eXaTh Mo-
JIOOHOTO CTOJIKHOBEHHUS.

IInyTon m apyrue miaanersl-kapjauku. B 1880 rogy aHmwuiickuii acTpoHOM
®opbc nocne A0Aroro U3ydeHus JABMkeHus HenTyHa mpeamonoxuil, 4To 3a HUM
MOYKET HaXOJUThCs el oHa maHeTa. B Hayane XX Beka MOMCKOM HEU3BECTHOM
maHeTsl 3aHsica actponoM Jlosemn. B 1930 rogy B nmpenckazannom Jloseiiom
mecte actpoHoMm K. Tom0o0 Hamien ranery, HazBaHHyo [1myToHOM.

B konme XX Beka 3a op6utoit IlimyToHa OBLT OTKPBIT MOSIC aCTEPOUIOB, KO-
TOpBIN Ha3Banu «mosicom Koiinepa», nockonbKy emé B 1951 rony amepukanckuii
actponoM J[xxepapn Koiinep npeamnonaran ero CymecTBOBaHUE. YUEHBIE CUUTAOT,
YTO 3TOT MOSIC, PACTIONOKEHHBIN Ha paccTossHUM 35-50 a.e. OT TMraHTCKUX IUla-
HET, COCTOUT U3 aCTEPOUJIOB U KOMET.

B 1992 rony B nosice Koitnepa onpenenuau MEeCTOHAX0XKI€HUE NMEPBOTO 00b-
exta — 1992 QBI (Anp6uon) nuamerpom okojo 280 kM. B mae mecsne 2000 rona
KOJIMYECTBO TPAHCHENTYHOBBIX 00beKTOB pocTurio 300. Dtu HeOecHbIe Tena 00-
pamtatorcst BOkpyr CoJiHLIa B IPSIMOM HAIpaBJIEHWH, KaK OOJbIINE IJIAHETHI (puc.
82, a). VIX cnoxHO Ha3BaTh acTEpOMAaMH WJIM KOMETaMH, MOCKOJIbKY AHAMETP
ATHX HEOECHBIX TeJ J0CTaTOYHO BeluK U coctaBisgeT 80—100 km. ITo pesynasraram
MOCJIETHAX HCCIIEIOBAHUM, B 9TOM TOSICE KOJIMYECTBO OOBEKTOB pa3MepoM OoJee
100 kM B quameTpe MoxkeT ObITh Oomee 70 000.

1'abpudIIb

y

I1nyTon Maxkemake

\

@
opouta HenryHa -

Puc. 82. a) Ilosc Koiinepa; 6) TpancHeNTYHOBbIE OOBEKTHI.
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B 2003 rony actponom Kanudopuwuiickoro nactutyta Texnonoruu M.bpayn
OTKpbUT TpaHcHeNTYyHOBbIM 00bekT 2003 UB313 «Xena», paHee ObLI0 U3BECTHO
noj Ha3zBaHueM 3eHa (KceHa), Ha3BaHHBIN BHOCIENCTBUU Dpuaoi. Pazmepsl 31o-
ro HebecHoro tena Obumm Oombire, yem y Ilmyrona. Ilocme 3Toro y actpoHOMOB
MHUpa BO3HHK BOMPOC: «ByneT 1 3TOT 00beKT cuMTarhes TuiaHneToi?». s orBe-
Ta Ha Hero MexIyHapoIHbIM acTpoHoMmuueckuM corozoM (MAC) Oblna co3mana
crenMangbHas paboydas rpymnmna 1noja pykoBoacTtBoM npogeccopa O. [KUHIKEpUK-
ca. [To pexomenmaruu 3toit rpynmnsl Ha XX VI Accambnee MAC 115 pa3nudeHus
IJIaHET Y KapJIMKOBBIX TUIAHET Obla pazpaboTaHa ocobast kiaccudukarus:

1. ITnanema — Bpamatomeecs Bokpyr ConHnla HeOecHoe Teno. JlocTarouHo
Oonpoe U MaccuBHOE Teo B (opme mapa. Takux mmaner §: Mepkypwii, Bene-
pa, 3emuis, Mapc, IOnurep, CarypH, Ypan u Hentys.

2. Kapnuxoevle naanemsi — 3T0 HeOECHbIE TeJa, KOTOPbIE BPAILAIOTCS MO Op-
6ure Bokpyr CojHIIA U MMEIOT JIOCTaTOYHYIO Maccy JUIsl TOrO, YTOOBI 1OJ BO3-
JIEHCTBUEM CHWJI TPABUTALIMU TIOAJIEPKUBATh OJM3KYIO K Cepudeckoil ¢popmy, He
SIBIISIIOTCSl CIIyTHUKAMH TUTAHET M HE MOTYT, B OTJIMYME OT IUIAHET, PAaCUYUCTHUTh
paiion cBoelr opoutsl ot Apyrux o0bekToB. MAC odunmansHo MpU3HAHBL 5 Kap-
JMKOBBIX TUTAHET: KpymHeHmuii actepoun Llepepa u TpaHCHENTYHOBBIE OOBEKTHI
[TnyToH, Opuna, Makemake, Xaymea u ap. (puc. 82, 6).

Bonpoce! u 3axanus

—_

Kakue mapameTpbl miiaHeTHBIX OPOUT BBIYUCIISAIOTCS 1O npaBwity Tunmyca?

Mexy opOuTamMH KakuxX IUIAHET MOTYT HaXOIUTHCS OpOUTHI acTEpPOUAOB (M

JIEHbKHE TUTAHETHI)?

3. Kakue acrepoupl (MajeHbKUE IUIAHETHI) MEPUOAMYUECKH HPUOIMKAIOTCS
3emie?

4. Kakx MAC knaccupuuupyeT KapIuKOBbIE IJIAHETHI?

~

TEMA 18.  § 43. KomeTsbl («XBOCTATbIE 3BE3IbI»)

CnoBo «KOMeTa» B MEPEBOJIE C I'PEYECKOr0 O3HAYaeT «JJIMHHOBOIOCcas». Ko-
METhl Ha3bIBAIOT U «XBOCTATbIMHU 3BE3laMU» 110 TOMY BH]y, KOTOPBI OHHU IpHU-
HUMAIOT, Korjga npoxoasaT BOnu3u ConHua (puc. 83). Korma komera odeHb Jlajeka
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ot ConHila (COOTBETCTBEHHO, OT 3eMJIH),
OHAa BUJIUTCS B BHUJEC HEOOJBIIOTO TyMaH-
HOTO TISITHBIIIKA C YIUIOTHEHHEM B IICHTPE,
SJIpOM, B KOTOPOM COCpEIOTOUYCHA €€ Mac-
ca. Ho korma ona mpubnmxaercs k CoiH-
1y, €€ SIPKOCTh BO3PACTAET, SAPO OKYThIBA-
€T KOMa — pa3pekeHHOE 00IaKO ra3oB.

B 1577 r. 3namenutsiii T. Bpare BbI-
SICHWJI, YTO KOMETBI SIBIISIFOTCS HEOECHBIMHU
TeJIaMHu, IBIKYyIIUMUCS Ha Gone 3BE31. Jlo

TEX MOp JIFOU CUYUTAIH KOMETHI SIBICHUS-

MU aTMOc(hepbl 3eMIIH. Puc. 83. Bun «XBOCTaToM 3BE31bD» —
Cnycra HeEkoTOpoe BpeMms, B Hayaje KOMCTBI.

XVII B. N. Kennep u I.I'anunen Bbickasa-

T TIPEATNOI0KEHUE, YTO «XBOCTAThIe 3BE3/b» mnepecekatoT CONHEUYHYIO0 CUCTEMY

0 TIPSAAMOM 1 HUKOT/Ia OOJIbIIIe Ha BO3BPAIAIOTCS.

VYuenuk Hprotona Dnmynp [Mamieit Beraucamn opOouTel 24 KoMeT, HaOIOIaB-
mwmxcst ¢ 1337 mo 1698 roael. UHTEpEecHO, 4TO TpU U3 HUX, HaOmogaemsbie B 1531,
1607 u 1682 rr., uMenn OYeHb CXOXKUE AIEMEHTHI opOuT, ['aniell He Bepui, 4To
9TU COBMajJieHus ciaydaiiHbl. OH mucain: «MBICIh O TOM, YTO KOMETA, KOTOPYIO
HaOmoman B 1581 . Anman, B 1607 1. Keriep u JlonromonTan, a B 1682 1. Hemno-
CPEICTBEHHO 51 CaM, SIBJISIETCS OJHOM M TOM K€ KOMETOM, HE OKUIAET MEHs. Diie-
MEHTBHI BCEX TPEX OpPOUT ITHX KOMET COBIAJAIOT, MOTOMY 5 IOJIarar, 4YTo OHa
BepHETCs B 1758 roay. Ecnu 310 npou30oiI€T, TO HE OCTAHETCSI COMHEHHUI B TOM,
YTO U APYTH€ KOMETHI IEPUOANYECKH BOo3BpanatoTcst K COJHILY».

VYuénelit He ommbancsa. Komera, o kotopoii roBopun ["amneit, mporuia 12 map-
ta 1759 1. wepe3 mepuremmii. Takum oOpa3om, cObUTOCH mpeackazanue [ ammes.
OTO, B CBOIO OuY€pe/lb, MOATBEPANIO CIPABEIIMBOCTh HHIOTOHOBCKOW TEOPUU TH-
rorenus. Komera, kotopas okaszaiach 4acTbio COJHEYHOW CHUCTEMBI, TOMy4YHIIa
MMsl B 4ECTh €€ MEepBOro ucciienoparens [ amnes.

Snpo KOMETBI COCTOMT U3 3aMOPOKEHHBIX T'a30B M YaCTUYEK MbLIM, KAMHEU U
METaJIJIOB. 3aMOPOXKEHHBIE Tra3bl — ’TO aMMHAK, METaH, JIBYyOKUCH YIIIepo/ia, [uaH
u a3oT. [Ipu npubmmkennn kometsl K CONHIYYy HauWHaeTcs OypHOE HCHapeHue
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ATUX Ta30B U 00pasyeTcsl OKyThIBarollee sapo obnako ra3oB — koma. Cuna, aei-
CTBYIOILIasl Ha KOMY — JAaBiieHue COJHEYHOro U3JIy4eHHsI U COJHEYHOTO «BETPay,
KOTOpbI€ (hOPMUPYIOT OIPOMHBIM XBOCT KOMETHI HMPOTSKEHHOCTHIO B MUJUIMOHBI-
KWJIOMETPOB, HAIlPaBJIEHHBIN B cTOpOHY OT CONHIA.

Cocrapnstone XBOCT KOMETHI Ia3bl U MbUIb JIOCTATOYHO Pa3peKeHbl, UX ya-
CTHULIBI OTpaXkalOT COJHEYHbIA CBET, coBmagarouuii co cnekrpom Connia. B ero
CIIEKTPE 3aMETHbI MOHU3UPOBAHHBIN a30T, KAPOOHAT aHTUJIPHI.

OcHoOBHasi Macca KOMETHI COCPEIOTOUYCHA B €€ siipe, HO JTaXke y CaMbIX 00Jb-
X KOMET Macca sijipa He OOoublie OJHONM MUJUTMOHHOM YacTH MacChl 3eMIIH.
[1noTHOCTH KOMETHI cocTaBisieT Bcero 10-2—10-13 r/ecm3. JlnameTp roloBHOM 4acTu
koMeThl 0T 1000 kM (y TyCKJIBIX KOMET) U, B 3aBUCUMOCTH yainéHHOCTH OT COlH-
1a, 10 2000 kM (y sipkux komet), xBocToBast 9yacth 70 150000 kM. MHOTO HOBOM
nH(pOpPMaILIMK O CTPOCHUU KOMET ObUIO Moidy4yeHo B 1986 romy B MOMEHT ouepes-
HOTO TIPOXOKJIeHUs KomeThl ['ames BOnm3u CoiHIIa ¢ aBTOMAaTUYeCKUX CTAHIIHHA
«JIxorTo» (Benukoopuranus), «Ilinanera» (Anonwus), «Bera» (CCCP).

o 1950 roma 0610 3apeructpupoBaHo 6osiee 1500 xomer, u3 Hux 6osee 400
JI0 U300pETEHUs TENECKOIOB, OCTAJIbHBIE ObUIM OTKPBITHI C MOMOILIBIO TEIECKO-
noB. Ha puc. 84 nokaszanbsl opoutsl rpynmsl komeT COTHEYHON CUCTEMBI.

I'ne «poxparorcs» koMetsl? [osmaHckuii
actpoHoM I.Q0pT BBIIBMHYI THIIOTE3y, CO-
IJJaCHO KOTOPOW MCTOYHHUKOM BO3HUKHOBEHUS
TUTAHET SIBJISIETCS TUTAHTCKOE 00JaKO0 KOMETHBIX
snep, Koropoe oKyThiBaeT COJTHEUHYIO CUCTEMY.
Oto obmako ctano Ha3bIBaTbcs obOmakom Oopra.
Takoe 00sako MPOCTUPAETCS HA PACCTOSHUE B
1 mapcek. Pacu€rbl moka3bIBalOT, YTO OPOUTHI
saep KOMET, JBMXKYIIUXCA HAa TAKOM JAJIEKOM
pacCcTOSHUM, BCIIEACTBUE 3BE3IHBIX BO3MYLIE-
HUN W3MEHSAIOTCS, © B KOHEYHOM MTOT€ MOTYT

ctath cryTHuKamu CoHua.
Snpa KOMET ¢ TakoM IIIUTEIbHOMN Mepuoany-

Puc. 84. OpbuTts! rpyniisl
koMeT Bokpyr ComHIa.

HOCTBIO MMCIOT OYCHb HHU3KYIO TCMIICPATYypy, U
IMO3TOMY, HE TCPsAA COCTABJIANOIINX AAPO ra3os,
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OHM B TEUCHHE MWUIMAPJIOB JIET OCTAIOTCS HEU3MEHHBIMH. M3yuas MX, MOXHO
y3HaTh O HaualbHBIX ATanax sBomtonuu ConHeuHo# cuctembl. MHorna mon new-
ctBueM CollHIIAa M TIJIAHET TMEPUTeINil OpOUT KOMET CHIKAETCS, ¥ OHH MOTYT
ocTtathcs Ha opbutax BOMM3U CosHIla. BIYUCICHHS MOKAa3bIBAIOT, YTO HEKOTOPHIE
U3 HUX MOTYT HaBcerjga NokuHyTh COJHEUYHYIO CUCTEMY, JIBUTasCh MO Mapadosiu-
YECKUM TPACKTOPUSIM.

§ 44. MeTeopsl («magamouue 3B€31b1») U METEOPUTDI

Kto He Bunmen Ha HeOe KpacuBbIE CBETSIIMECS ciensl magatrommx 38E€3n? Ho,
HAaBEPHOE, HE KaX bl 3HAET, UTO K 3BE31aM OHU HUKAKOTO OTHOILLIEHUSI HE UMEIOT.
B neficTBUTENBHOCTH 3TO «ITyTEHIECTBYIOIIME» 110 HEOYy KAMEHHbIE YaCTUYKHU, MX
pa3Mepsl — MOpsiAKa OT J0JIeH MWIIMMETpa A0 HECKOIbKUX MUJUIMMETPOB, Mac-
Chl — HECKOJIbKO MWJUIUTpaMMOB. [Ipubnmxkasice k 3emiie, moj BO3IACHCTBUEM €&
MPUTSKEHUSI, OHU BXOIAT B €€ arMocdepy co ckopocthio oT 10 km/c 1o 70-80
KkM/c. bonunpl — gacTUIlpl, B BUJE OTHEHHBIX IIAPOB BXOIAIINE B aTMOC(eEpy C Ta-
KO CKOpOCTBIO, pa30rpeBalOTCsl B PE3YJIbTATE yAapOB MOJEKYJ BO3JlyXa U Cropa-
I0T Ha BhIcOTe OKoJI0 80 kM. SICHO, YTO JJTMHA IyTH, IPOUJIEHHOTO B atMocdepe
STUMHU «JIETAIOLIMMU 3BE3AAMU» WU Memeopamu, 3aBUCUT OT UX BEIHYUHBI.

EcTecTBEeHHO BO3HUKAET BONPOC O TOM, KaK MOSIBISIIOTCS METEOPHI, INI€ OHU
3apokaaroTcs. Jleno B TOM, YTO HEKOTOpbIE KOMEThI, B OTIMYME OT JAPYTHX Tell
ConHeYHOW CHCTEMBI, pa3pylialTcs ¢ TedeHueM BpemeHH. Kaxplil pa3, npoxo-
15 BOnmm3u CoutHIla, KOMETa TepsieT 4acTh Ta30B M MBUIM CBOETO snpa. Pycckuii
actpoHoMm C.B. OpnoB npoBén Takue BeIUUCICHMS Uil komeTbl [amnes. Okaza-
JIOCh: TOCJe TOTo, Kak oHa coepiiuT 330 o6opoToB Bokpyr ComHIla, T. €. 4epe3
25 000 net, kOMeTa JIMIIKUTCS BCETO 3amaca ra3oB CBOETO sipa.

[TprurHON KMCUYE3HOBEHUS KOMETHl MOXET CTaTb U MEXaHMUYeCKoe paspylie-
Hue. HaOmomanoch paspyiieHrne MHOTHX KOMET, mpoxoasmux BOmm3u CorHIa.
Hampumep, B 1846 rogy komera busna pacnanack Ha B€ 4acTH, NPOXOJS OKOJIO
Comnnna. B ouepennoii paz komery busna nabmoganu B 1857 roay, mpu 3ToM pac-
CTOSIHUE MEXIY AByMs €€ 4acTsMU COCTaBIsI0 2 MIIH KuiomeTpos. [locne storo,
HECMOTPS Ha BCE CTapaHWsi, HAOMIOIATh KOMETY HUKOMY He yraiochk. Ho B 1872
rojay, B MOMEHT, KOIJla 10 MpeABapUTEIbHBIM pacyéTaM KOMeTa JOJDKHA Oblia B
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ouepeaHON pa3 MpUOIM3UTHCS K 3eMiie, BMECTO KOMEThI HAOIOaJICs WHTCHCUB-
HBIN «METEOPHBIN NOKIb» (puc. 85).

B 1950 r. actponom JI.A. JIy6siro rimyOOKO M3y4YusI poOJib pa3pylieHuss KOMET B
BO3HMKHOBEHUH METEOPHBIX MOTOKOB. COITIAaCHO €ro BBIYMCICHHSM, O0JIAKO Me-
TEOPHBIX YACTHUIl, MOKWHYBIIUX SAPO KOMETHI TOJ BO3ACHCTBUEM TNPUTKCHHUS
ConHna, He TOKUAAET OPOUTY KOMETHI, HO PacTATHUBAETCS HAa OTPOMHBIE PacCTOs-
Hus. U mosTomy 3710 001aKO MOKHO OyleT HaOironaTh B MIIOCKOCTH OPOUTHI KO-
METBHI KaK IMMOTOK METeOpoB. PaspymmBiimecss KOMEThl PEeBpamaloTcs B Oyayniem
B «METEOpHBIC TOXKAW». DTO MOATBEpKIaeTcsl Haykoil. [lyis sTtoro HeoOXxommmo
JIMIIb CPABHUTH OPOUTY pacHaBIICHCs KOMETBI C METCOPHBIMH TIOTOKAMH, €KET0/I-
HO BO3HHMKAIOIIMMHU B TOH ke oOmactu HeOecHOl ceprl. Ha ocHOoBe Takux Ha-
OMIONIeHN yAanoCch YCTaHOBUTH, YTO YCHIIMBAIOUIMECS B aBIYCTE KaXKIOTrO rojaa
METECOPHBIC JTOXKIH, U3BECTHBIC 1MOJ Ha3zBaHWeM [lepcenbl, — 3TO pe3ynbTar pas-
pyweHust kometbl «1862 Ill». M3BecTHas komera ["amnes taxxke gBisercsa MpH-
YHUHON BO3HUKHOBEHHS METEOPHOTO 1MoToka OpHOHHIBI (OT Ha3BaHUS CO3BE3AMS
OpuoH, B KOTOPBIX JIEKHUT €r0 PaJMaHT, T. €. TOUKa, OTKY/la KaK Obl UCXOAAT MeTe-
opsbl). Ha puc. 86 n300paxén KpacuBblii METEOPHBII MOTOK /[pakoHuAbI, €Keroi-
HO HaOmromaeMbrii 8—12 nexadps.

Puc. 86. «MereopHslil 10kab» JIpakoHUIBI,

Puc. 85. «MeTeopHBIil TOXKIbY. 5
MpoeLupyrouiics Ha co3pe3nue JpakoHa.
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Meteoputsl. HOTIa OMy’XKIal0IIMe B KOCMOCE OCKOJIKM HEOSCHBIX TeJ TMOJ
JIEWCTBUEM 3EMHOTO MPUTSIKEHUS MEHSIOT CBOIO OPOUTY M MPOXOAAT Yepe3 3eM-
HYI0 aTMoc(epy B BHUJIE SPKUX OTHEHHBIX HIAPOB, JIETAIIUX MO HEOOCBOIY U Ma-
naroumx Ha 3emito (puc. 87). IX Ha3bIBaIOT Memeopumami.

B 1908 rogy B cOMpCKyIO Talry ymajl OrpOMHBIA METEOPHT, CIIOPHI O MIPUPO-
JI€ BEILIECTBA KOTOPOTO MPOAOKAIOTCS 0 CHX IOP.

On ynan Ha npasbiii O6eper pexu [logkamennass Tynrycka B 100 kM Kk ceBe-
po-3anany ot ceneHus Banapapa. [Ipu nmageHun npousoién B3pbIB, BbI3BABLIMI
CUJIBHOE COTpSICEHUE 3€MIIU, 3apETUCTPUPOBAHHOE BCEMHU CEUCMHYECKUMH CTaH-
HMAMHU Mupa. MeTeoput noiay4dus Ha3BaHue TyHeyccko2o memeopuma.

Kak mokasbiBaroT pacyersl, Ha 3eMIII0 exeroqHo magaet o6onee 500 mereopu-
ToB. [Tockonbky 70% MOBEPXHOCTH 3e€MJIM MOKPBITO BOOM, OONBIIMHCTBO U3 HUX
ucdezaeT Oe3 ciena, majgasi B okeaHbl U Mopsi (0koso 350 METeOpUTOB), OCTAIIb-
HBIC, TIA/IAFOIINE Ha CYIIY, HE BCETla MaJaroT Ha OOMTAaeMbIe TEPPUTOPHUH, TTOITO-
My BUJIAT UX HEMHOTHE.

[Tagenne MeTeOpuUTOB HAOMIONATOCH C IPEBHUX BPEMEH; KaMEHb, HAHJICHHBIN
Ha MECTE IMaJeHUs, OOBSBIISIICS CBSIICHHBIM. METEOpUT, YIaBIIUK HA TEPPUTO-
PHIO OTHOTO W3 T€PMAaHCKHX KHSOKECTB B 1514 1., OBIT IOMENIEH B PACIIONIOXKEH-

Puc. 87. bonun — cies, 0CTaBICHHBIN
B atMocdepe 3eMiin MaJaroIuM METEOPUTOM.
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HOW MOOIM30CTU LEPKBU U Jak€ OKYyTaH
LEMsIMM, YTOObI NPENOTBPATUTH €r0 BO3-
BpateHue Ha He6o. C Tex mop 3Ta LepKOBb
CTajla MECTOM MaJIOMHUYECTBA.

XOTsI METEOPUTHI MIPU BXOXKJIEHUH B atT-
Mocdepy HMEIOT CKOPOCTb, PAaBHYIO Je-
CATKaM KHUJIOMETPOB B CEKYHIY, COIpO-
TUBJIEHHE arMoc(pepbl TOPMO3UT UX U
YMEHBIIAeT CKOPOCTh B MOMEHT MaJCHHUS
10 200-300 m/c.

[lagenne MeTeopuTOB, ABMKYLIUXCS CO

METEOPHTOM B MyCTHIHE CKOPOCTBIO CBbIIIE 4 KM/C, B HECKOJIBKO pa3

wrata ApH3oHa. IPEBBIIIAET 3HEPrui0 OOBIYHOIO B3pbIBYA-

TOTO BEIECTBa TOW ke Macchl. YacThb 3Hep-

MU METEOpUTA, MAaJAloIIero ¢ TakoM CKOPOCThIO, UAET Ha TO, YTOOBI UCHAPUTH

€ro, a OCTaBILNAsCSA 4acTb MAET Ha oOpa3oBaHUE KpaTepa M Ha HarpeBaHUE I0Y-

Bbl. Macca Takoro OOJIbIIIOr0 METEOpUTa YPE3BBIYAMHO BEJIMKAa U WHOTJA JAOCTH-

raet 100 1. ImeHHO m0o3TOMY MeTeopuThl Maccoii 6onee 100 T GeccrneaHo ucye-

3al0T, OCTaBIIAA Tocie ceOst Tonbko Kparep. OOUH U3 TaKMX OTPOMHBIX KpaTepoB

Ob11 HalineH B mrare Apusona (CIHIA): ero nuamerp — 1300 M, rirybuna — 175 m
(puc. 88).

Puc. 88. Boponka, ocTaBieHHas

Bonpocsl u 3aganust

SIBIIsIOTCS JIM 3BE3IAMH «XBOCTAThIE 3BE3/ILI»?

Kem 1 xak Obl1a OTKpBITa TIEpBasi epuouvecKkas Komera?

[Touemy XBOCTBI KOMET HalpaBJICHbI B IPOTUBOMONIOKHYIO 0T COJHIIA CTOPO
W3 gero cocTosT siipa KOMET, UX XBOCTHI?

Yro BBI 3HaeTe 0 komete I amres?

Kaxkast cBsi3b cyliecTByeT MEXIy «JIETAIONIMMU 3BE3IaMU» U PACTIABITUMUC
MeTamu’?

Yro Takoe OOMMIBI M YTO O3HAYAET UX MOSBIECHHUE?

W3 yero oOpa3oBaH MeTeopuT?

UYro BHI 3HaeTe 0 kparepe meTeopurta B mrare Apuzona (CIIIA)? Pacckaxu
TyHrycckom meTreopure.




TEMA 19.  § 45. CoBpeMeHHBbIE B3IVIsIAbI HA MPOUCXO0KICHUE

CoJIHeYHOM CHUCTEMBbI

B XVIII Beke U. Kant cunran, uro ComHeyHasi cucreMa o0pa3oBaHa MEIKUMHU
xosionHbIMU yacTuami, a I1.-C. Jlammac cuuras, 4To OHa BO3HHMKJIA M3-3a CHKATHUS
Bpallaolencs ra30Boil TYMaHHOCTH C OOJIBIION MacCou.

CornacHo JaHHBIM nocieaHux JieT, ColnHeyHas cucteMa Io psiay MPUYMUH He

MoriIa ObITh 00pa3oBaHa HU OJHUM W3 ITHX
crioco6oB. Tem He menee, Teopun Kanra u
Jlarnmaca o poxaennn CoJTHEYHON CHCTEMBI,
UX UJeU O JAPYyrom (ra3onbUIEBOM) CTpOe-
Huu Marepun CONHEUYHON CUCTEMBI, SIBUITUCH
BAKHOM MOIAEPKKOM MaTepHaIuCTUIECKOTO
00BsCHEHUS pa3BUTHUsI BceaeHHo.

B 40-x romax mnpomuwioro Beka KOCMO-
TOHUYECKUMH TIPEICTABICHUSIMU CTal 3a-
HUMAaTbCsi M3BECTHBIM PYCCKUM  yUEHBIN
O.lIImuar. Ilo ero MHEHMIO, MPOTOIIAHET-
HOe 00J1ako co3gaHo u3 3axBaueHHON CojH-
LeM TMbUIEBOM TyMaHHOCTH. Ecmm 3axBar
OBl HE IEHTPAJIM30BAHHBIM, TOTJA ATa TY-
MaHHOCTb HaYMHAET BPAILATHCS, U UMITYJIbC
e€ BpauaTeJIbHOIO MOMEHTAa OYEHb BEJIUK
(puc. 89, a).

I'nnoresza IIMmara 3akirodaeTcs B TOM,
yTO MWIIHapael jet Hazan ComHie ObUIo
OKPY>K€HO THUTaHTCKUM O0O0JaKOM, KOTOpOe
COCTOSIZIO M3 YACTHYEK XOJIOJHOM HBUIH U
3amép3mrero raza. Bece onn obOparmranucek Bo-
kpyr Connua. Haxonsch B MOCTOSIHHOM JIBU-
JKEHUHU, CTaJIKMBAsCh, B3aWUMHO MPUTATHBAS
JpyT Apyra, OHH KakK OBl CIIMIAIHCh, 00pa-
3ys cryctku. [locTeneHHo ras3omnbuieBoe 00-
JIAKO CIUTIONIMBAJIOCh, & CTYCTKU CTalld JIBU-

a)

Puc. 89. O6pazoBanne
CoJIHEUHOH CHUCTEMBI.

99



rarbCs 1Mo KpyroBsiM opOuTaM. Co BpeMeHEM U3 3THUX CTYCTKOB M 00pa30BaluCh
riaHeTsl Hamed CoiHeuHol cuctembl. MeHee SICHO MPOMCXOXKIEHUE ra3o-Iblie-
BOro otmnaka, korga-to okpyxasmero Comnnue. O.ImMuar u MHOTHE apyrue yue-
Hble cuuTaroT, yTo COJHIIE MOIIIO 3aXBaTUTh CBOMM MPUTSXKEHUEM YacTh TaKOTO
o0naka, U3 KOTOPOrO OHO paHee caMO BO3HMKIIO B PE3yJIbTaTe CryILEHUS.

Onu cunrart, yto cBedeHHe COJHIA BO3HUKIO BCIEACTBUE Pa30IPEBAHUS
OKpY)KaloIIMX €ro ra3oB W mbUIM. BenencrtBue nuddepeHnmanum XMMUYECKOTO
COCTaBa MPOTOIUIAHET, (POPMUPYIOMIMXCS TIO0 MOJCIH 3EMIIH, TSDKEIBIC AIIEMEH-
TBI, CTYIIAsCh, POPMHUPYIOT SIAPO, @ JIETKHE, TMOAHUMASCh, CO3/AAI0T UX MAHTHIO
u kopy. OOpa3oBaBiuecs JETKUE AIEMEHTHI (BOJOPOI U Temuil), Oyaydn oTOpo-
IICHHBIMHA Ha OTPOMHOE paccTosiHue ot CoiHIa, COPMHUPOBAIH TIIAHETHI-TUTaH-
ThL. DTO BUAHO U3 C(POPMUPOBABIIMX TJIAHETHI TUTAHTHI TYTOIUIABKUX BEIIECTB U
«JIbJIa» BOJBI, METaHa U aMMHuaka. [lmaHeTsl 3eMHOTO THUNA CHOPMHUPOBAIHCH U3
TSOKENBIX XUMUYECKUX DJIEMEHTOB C MaJbIMU MPUMECAMHU JETKUX, OTHOCUTEIBHO
HEeOONBIINX pa3MepoB U HaxonaTcs 6mu3ko k ComHiy (puc. 89, 6).

[To MHEHUIO y4EHOTO, MEJIKHE YaCTHIIbI I'a30-IbUIEBOIO 00JIaka, CTAJIKUBAsAChH
JIpyr ¢ apyrom, oOpa3oBbiBajM cryiieHus. CTaakuBasCh ApPYr C JAPYIroM U yBe-
JUYUBASICh B pa3Mepax, NpUTATHBas K cede BemecTBa MEeKIy OpOMTaMH, CTyIle-
HUS IOCTENIEHHO 00pa30oBalli MJIAHEThI C yCTOMUUBBIMU OopOuTamu. Ero runoress
OOBACHSIOT U psif APYrux 3akoHoMepHocTel ComHeuHoi cuctemsl (puc. 89, 8).

Jiist TOoro, 94TOOBI M3 HOBBIX BEIIECTB IO/ BO3ACHCTBUEM I'PaBUTALMU 00pa3o-
BaJIMCh IJIAHETHI, TpeOyeTcsi oueHb MHOro BpeMeHH. Hanpumep, ranere 3emis,
Juist oOpa3oBaHUsl €€ HbIHEIIHEH BEJIWYUHBI, 10 MPHUOIM3UTENbHBIM IMOACUYETAM,
notrpedoBanock He MeHee 100 MTH JTeT.

B kocMoronum rumnotesa mnosgydyaeT HOATBEpkJIeHHE Ha nmpumepe ConmHeuHOU
CUCTEMBI: TI0 3aKOHY IPUTSHKEHUSI PACCTOSHUE MEXY TIaHETaMH yBEJIMYMBACTCS
1o mepe ypanenust ot ConHua.

Tena ¢ OoybIION Maccoii M BEIMYMHOM, MONajgas Ha OTHOCHTEIBHO XOJIOMI-
HbI€ TUIAHETHI, HapuMep 3eMilto, yrapssch, packamsuid e€. B mpouecce dhopmu-
pOBaHUS 36MHON MaHTHH OOJBIIYIO POJb CHITPANT M APYrod (hU3MUYECKUd Mpo-
IIECC — BBbICJICHHE TeIUIa NIPH Paciajie paJroaKkTUBHBIX 2JI€MEHTOB. Takoil Harpes
NpHUBENl K BYJKAaHUYECKHM MpoOLleccaM, BO3HUKHOBEHHUIO OKEaHOB M TMEPBUYHOMU
arMocepsl U TeM camMbiM K (OPMHPOBAHUIO 3eMHOI 000j0uku. [lepBuuHBIC
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arMocdepbl Benepsl 1 3emin ObLITH CXOXKMMH, HO B MIPOLIECCE HBOJIIOLMU CHUIIHHO
u3MeHWIMCh. Hanprumep, uccienoBanusi MOKa3bIBalOT, 4TO 00OTAIEHNE KUCIOPO-
oM arMoc(epsl IPUBETIO K pa3BUTHIO *ku3HU Ha 3emiie. Ho akagemuk B.I. de-
CEHKOB CYUHTAJI, 4TO C OOJBIION BEpOSTHOCTBIO U LEHTPAJIbHBIN CIyCTOK, 00pa3o0-
BaBimmii CoJHIIE, TaK)Ke BOZHHK M3 BPAIIAIOIIETOCsS Ta30IbUIEBOrO 00JaKa, U Ha
HayaJIbHOM 7Tare (GOpMHUPOBAHUS OTOPOCHII OTHOCHUTENIBHO pa3peKeHHbBIC Belle-
CTBa B CBOIO 9KBATOPUAJIBHYIO INIOCKOCTh. [10 ero MHeHHI0, 3TH BelecTBa yIIoT-
HIIN oKpysxatoriee ComHie 00s1ako, 4TO MO3BOJIMIIO 0Opa3oBaThes IuiaHeTaM. Ilo
pacuéram 3toi Teopun, CoJlHIIE, YMEHBIIASCh U OCTBIBAas CO BPEMEHEM, MPHILLIO
K CBOEMY COBPEMEHHOMY COCTOSIHMIO.

Bonipocsl u 3axanust

1. Yro siBuiochk BakHbIM B runore3ax Kanra u Jlamnaca 06 oopazoannu CosHe
HOM CHCTEMBI?

2. Ha xakme pacu€rbl OmMpaeTcsl 3aHsBIIAs CBOE MECTO B HayKe THUIIOTE
O. lImuara 06 oopazoBannu COIHEYHOH CHCTEMBI?

3. Kak mo rumote3e akagemuka V. deceHkoBa 00bsCHsAETCS 00pa30BaHHE IJIAH:
BOKpyr ConHua?

V PA3JIEJIL. 3BE3/IbI

TEMA 20.  § 46. I'onnuHbIii napaJJiakc u onpeaejieHue
paccTOsiHUM 10 3BE3]1

N3mepenune paccrosHuil 10 Onmkaimmx K 3eMiie 3BE31 OCHOBAHO HA 3HAHUU
UX MapalaKTHuecKux cMmemenuii. Cmemasce BMecte ¢ 3emuielt o e€ opoure pa-
IycoM npuMepHo 150 MIH KMIIOMETPOB, HAOMIOnATeNb OOHAPYKHT, UTO OTpee-
n€HHAas BRIOpaHHAS MM 3BE3/la ONKCHIBACT Ha HeOecHOH cdepe, Ha hoHE HANEKUX
3BE37], OKPYKHOCTb (€CJIM 3Be3/]a HAXOIUTCA B HAIPABICHUH, NEPIECHIUKYISIPHOM
IUIOCKOCTH 3€MHOW OpOWTHI) WIIM DIUTHIIC (€CNU 3Be3[a HAaXOIUTCS B HaIpaBlie-
HUH, KOTOPOE C IJIOCKOCTHIO 3€MHOW OpOHTHI 00pa3zyeT yroj, OTAMYHBIA OT IMps-
MOT0). YIJIOBasi BEJIMYMHA, OMHMCHIBaeMasi TAKUM 00pa3oM 3BE3oi Ha (oHe Oolee
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OTJAJICHHBIX 3BE3]] B T€UEHHUE roja (Kpyr WIH JUIHIIC),
UMEeT pa3Hoe 3HAYEHHE B 3aBUCUMOCTH OT PACCTOSHUS
3BE3/1bl U HA3bIBACTCS NAPANIAKMUYECKUM CMEUHUEM.
W3mepenue BETUYMHBI 3TOW yTU NAaET BO3MOXKHOCTH
OIIPENIENUTh YTOJ T, I10J] KOTOPHIM BOOOpakaeMoMy Ha-
OmrofIaTeNnto, HaXoAsIEMYCsl B LIGHTpE CBETUJIA, BUJIEH
paanyc 3eMHOW OpOUTHI, TEPIICHIUKYISIPHBIA K JIydy
3penust (Ha puc. 90: my u m, qist 38E30 M,y u M) . Dtot
YTOJI T Ha3bIBAECTCS TOAUYHBIM NapAJIIIAKCOM CBETHJIA U
JAET BO3MOYKHOCTb ONPEIECIUTh PACCTOSIHUE OT 3eMIIH
JI0 cBeTwia. JleMCTBUTENBHO, U3 HPSIMOYTOJIBHOTO Tpe-
yronbHuka C3M:

r

sinnzz WJIH B 1IeJIoM, [ = ——,
/ sinT

Puc. 90. Tognunsit
3BE3HBIA MapaLIaKc. r7e 7 — paguyc 3eMHOW OpOUTHI, / — paCCTOSIHUE CBETH-

na 1o ConHua, T — rOAUMYHBIA Mapajijlakc B CEKYHJaX.
Tak kak ToAWYHBIE NApaUIaKChl 3BE3J] OYEHb MaJlbl

1
(ne Gomnee 1), To u3MepsAs paccTosiHUS B a.e., HaxonuM (r=1 a.e.= 306965 TK):
_r1-206265
m-sinl” T '

Ecnu paccTosiHusl U3MEpAIOTCS B napcexax, To

=1
T

Brnepssie ¢ momortibio mogoOHbIX BeIUUCIEHUN B 1886 roay ObLIO OmpeiesieHo
paccrostaue 10 Beru (anbda co3Be3nus Jlupsi), BerancienHoe ocHoBatenem [lyi-
KOBCKOM obcepBaropun B.S. CtpyBe. DTOT METOA MO3BOJISIET BEIYUCIUTH PACCTOS-
HUS 70 OTHOCHUTENIbHO Onmu3kux 3B&31M (7>0,01"), T.e. mus paccrosuuit ~100 mx
JUTst 6oiee ynan€HHbIX 3BE3/1 PACCTOSHUS U3MEPSIOTCS o (popmyrie:

m—M

lg r= +1 (HK)7

rae m U M — BugumMasi U a0COITIOTHAS 3BE31Has BEJIMUUHA.
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§ 47. Onpenesienne pazmepoB U GU3NIECKUX
napaMeTpoB 3BE3Q *

1. Tak xak 3BE3/1bl OYEHb yJAJE€Hbl OT 3€MJIM, TO JIaK€ B camble OOJIbILINE Te-
JIECKOTIBI OHM BHJIHBI B BHUJE CBETALIUXCA TOYEK. TOJIBKO ISl HEKOTOPBIX 3BE3N
MOKHO ONpPEJEINTh UX YIVIOBBIE pPa3Mepbl C MOMOUIbIO CHEIUATbHBIX 3BE3THBIX
uHTepdepomeTpoB. Ecnu u3BecTHB BUAUMBINA yIriioBoM quametp (d") u paccros-
Hue (/) 1o 3Be3/bl, TO TMHEHHBIN nuaMeTp (D) 3Be3/1bl MOXHO HAWTH 1O (hopMmyIe:

D=[-sind".

2. OnHako Jyis ompeesieHUs pa3MepoB OONBIIMHCTBA 3BE3], KOTOPHIC BUIHBI
B BHUJIC TOYEK, UCIONB3YIOTCS JIpyrue MeToabl. 3BeCTHO, YTO €CiiM MpeCTaBUTh
3BE€3/ly B BHUJIe @0COTIOTHO YEPHOTO Teja, TO MOJIHASI MOIITHOCTh €€ U3y4eHHs Oy-
JeT omnpeaensathes mo ¢opmyne: L,=S.-c- T4, tae o T} — enIMHUIIA TTOBEPXHO-
CTH BXOJAIICH SHEPrUu U3JIydeHus. 3aech ¢ — nocrosHHas Credana-bomabiMa-
Ha 5,7 108 Bt (M2 K*); S, — myiomaap MOBEpPXHOCTU 3Be3/bl. 1, — TeMIleparypa
MTOBEPXHOCTH 3BE€3/bl, OTKyAa moiydaeMm S==4m-R?. B vactHoctu, nna ConHua
umeem: Lo=4nR% - oT%,.

Pa3znenum 3TH paBeHCTBa MOWIEHHO JIPYT HA JIpyra:

4 2
L. (T R.

LO TO RO ‘

Ecnu ynaércs onpenenuts CBETUMOCTh L, ¥ TeMneparypy 7. 3Be3Ibl C IIOMO-

B0 APYTUX METOAOB, TO Uil €€ paauyca B equHuIax paauyca Conama (Ro=1)
npuxoauM K popmyite (morapudmupyst 00e CTOPOHBI ypaBHEHUS):

. T
L -2lg-2.

1
IgR. =~1
TR .

Hanpumep, cBsa3p Mexay JuHedHbIM panuycoM ComHna (Rp) U €ro yriIOBBIM
paanycoMm (po=16") BeipaxkaeTcst hopmynoii:
tgpo= 2
0O=—>
A

rae A=1,5-10" m — paccrosiuue ot 3emnu 10 Connna. Torna paaunyc ComnHua:
Ro=1,5-10"-tg 16"’ = 7- 108 m, unu mpumepro 700 000 km.
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Bera

Heiirpon- P\'
Hasl 3Be3/1a
-

3Be3na
V .
JleliTena

Kanomyc

40 3BE31
OpUIaHbl

Puc. 91. Turanrckue 38e31b1 B cpaBHeHHH ¢ CONMHIIEM (@) ¥ KapJIMKOBBIE 3BE3/IBI
B CpaBHEHUH ¢ 3emiiei (0).

Cpeau TMraHTOB M CBEPXTMIAHTOB BCTPEYAIOTCS 3BE3[IbI, TUAMETP KOTOPBIX
B ThICsiuM pa3 Oonbie auamerpa Connia. Hampumep, y 3Be3nst VV cos3esnus
Hedes paquyc B 6000 pa3z Gonbmie paguyca Connna. Y Cupuyca paanyc BIBOE
6ompme paguyca Connua, T. €. 1400000 xm. Hamportus, pamumycbl HEKOTOPBIX
3BE37 MeHble paanyca CoiHIla B HECKOJIBKO JECATKOB pa3. T. €. MPUMEPHO paB-
HBI paguycaM IutaHeT. Tak Kak OOJBIIMHCTBO ATHX 3BE3] MMEIOT OENbIN IBET, TO
OHHU Ha3bIBaIOTCS OenbIMU Kapiaukamu. Ha puc. 91 npuBeneHsl ycioBHbIE H300pa-
JKEHUSI KPACHBIX TMTAHTOB U OenbiX Kapaukoe JUisl cpaBHeHUs ¢ pazmepamu CoiH-
a 1 3eMIIH.

§ 48. IIBeT U TeMneparypa 3BE311

1. YenoBek, KOTOPBIA BHUMATEIHLHO CMOTPHUT Ha 3BE3HOE HEOO, JIETKO 3ame-
TUT pa3HUIly B LBeTe 3BE31. B vactHocTH, CONHIE MpencTaBiseTcs KENTOU Mo
LBETY 3BE€3J10i, 3HAYUT, Temreparypa ero nosepxHoctu okoiao 6000 K. Temme-
patypa 3BE31 TemHo-kpacHoro 1gsera — 2500-3000 K, témHo-xkénthix — 3500—
4000 K. 6enpix — oxono 17000-18000 K. Camble ropsiune 3BE3bI Halllero Heba —
rosryoblie 3BE371bl1, UX Temneparypa — 25000-50000 K.

Cy1iecTByeT HECKOJIBKO CIIOCOOOB OMPEENICHUs TEeMIleparypbl MOBEPXHOCTH
3B€31. COmIacHO OJHOMY M3 HUX TEMIIEpaTypy OIPENeNsioT IO paclpeieieHHIO
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Puc. 92. Pactipenenenue sHepruu g Tt
B CIICKTpax 3BE3/ (BI)II[CJICHHaSI JIMHUA ‘T 6
cooTBeTCTBYET crekrpy ComHua). - A 5l
DHEpPrUU H3JIYy4YEHUS B CIEKTPE 3BE3.BL. E 237
[Ipn >TOM 1O JUIMHE BOJHBI, COOTBET- E ? |
CTBYIOIIEH MaKCMMyMy SHEPIHU H3JIyde- | Marciysr
HUs, 110 3aKOHY cMmelleHuss Buna Haxonsr 0 2000 40(')0 .60(.)O éOOd 10000

(puc. 92): .
JlnuHa BomHBI, A
Amax - T=0,29 Tpam - cm.

2. Kpome toro, mo 1isetoBsiM mokazareisiM (color index — CI), paccuntaHHbIM
no dopmyne mp,—my=CI pa3HUIl BeTHMYUH 3BE3N, ONPEACIEHHBIX C MOMOIIBIO
CHENMaIbHBIX IBETOBBIX (PHIBTPOB (POTOrpaduIecKuM HIU (OTOBH3YAIbHBIM
CTII0cOo0OM, acTPOHOMBI ONPENEISIOT U Temueparypy 3Bé3n. 1o mepe mpubmmxe-
HUS 1[BETA 3BE3/BI K TOyOOMY €€ TeMIieparypa mnoBbimaetcs. Onpenensiemas dTH-
MU METOJAMHU TEMIIEpaTypa 3BE3/Ibl OTHOCHTCS TOJBKO K €€ MOBEPXHOCTH. Tem-
nieparypy BHYTPH 3BE3IbI HaXOJSAT, MCIIONB3Ysl CBEICHUS O CHEKTpPE 3BE3MbI, e&
Macce, IUIOTHOCTH M JIaBJICHUW BHYTPH 3BE3/bI C MOMOIIBIO TPYIOSMKHX BBIUHC-
nernii. OnpenensiemMass TakKuM 00pa3oM TeMIeparypa BHYTPEHHHUX YaCTEH 3BE3JIbI
HAXOIUTCS B MpeJesiaX OT HECKOIBKUX MUJUTHOHOB IO JIECATKOB MUJUTHOHOB Tpa-
nycoB (B camoM 1ieHTpe). Temmeparypa B nentpe ComHila gocturaet 15 miH rpa-
nycoB. Temneparypa B ieHTpe ronyObix 3B€371 qocturaet 100 MiIH rpaaycos.

Bonpocsl u 3axanust

1. [lokaxkute Ha YepTek)e Yroy TOAWYHOTO Tapajuiakca i KaKoW-Tu00 Ompes
JIEHHOM 3BE3bI.
. Kak omnpepesnsiercst paccTosiHie B apcekax 70 3Be3/bl 10 Y1y €€ TOAUYHOTO II
paiiakca?
. Kak Ha ocHOBe crieKTpalbHOIO Mapajuiakca ONpeAesIsitoT PacCTOsTHUE 110 3BE3/1b
. Kakas cBsi3b MeX1y CBETUMOCTBIO U PAJIYCOM 3BE37b17
. Kakne meTosbl CyliecTByIOT JIJIsl ONPEeIeHUs] TEMIIEpaTypbl 3BE3/bI7
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TEMA 21. § 49. A0coJsiroTHAsI 3BE31HAS BEeJIUYMHA U €é CBA3b
CO CBEeTHMMOCTBIO 3Be31bI *

Buaumbie 3BE3HBIC BEIMYMHBI HE JIAIOT BO3MOXKHOCTH CpPaBHUBATh CBETH-
MocThb 3B€31. Ha camom perne J1Be 3Be3/bl, UMEIOIIUE OJTHY U Ty K€ CBETUMOCTb,
HO JIeXKAalllU€ Ha PA3IUYHBIX PACCTOSHUSX, HE MOTYT UMETh OJHY U Ty K€ BHU-
TUMYIO 3BE3MIHYIO BeNMUYUHY. JJis TOro, 4ToObl pemuTh 3Ty 3aj]lady, aCTPOHOMBI
YCJIOBHO TIOMEIIAIOT BCE 3BE3MIBI HA OJIHO M TO K€ pacCTOsSHUE OT 3emui (Wiu
Connna), mocne onpeaeraeHuss UX 3BE3IHBIX BEIMUYMH MOXKHO CPaBHUTH UX JIEH-
CTBUTEIIbHYIO CBETUMOCTh. B KauecTBe TaKOro CTaHJIAPTHOTO PACCTOSHUS acTpPO-
HOMBI BeIOMparoT paccrossare 10 mapcek. 3BE3aHAS BEIMUYWHA 3BE3JIbI, IIOMEIIEH-
HOM Ha paccrosHue 10 mapcek, Ha3bIBaeTcs €€ abCcontomHoOU 36630HOU GETUUUHOLL
u obo3Hauyaetcs M. CrangaptHoe paccrosinue B 10 mapcek paBHo 2 - 10° acTpoHO-
Muueckux eanHul. MurencuBHocTh ColHila Ha paccTtosHuu B 10 mapcek, ominya-

1
m pasa,
TO ecTh B 4- 102, [IpuHsSIB BO BHUMaHUE, YTO YMEHbIIIEHUE NHTEHCUBHOCTH B 100
pa3 COOTBETCTBYET YBEIUUYEHHUIO BUAMMOW 3BE3MHON BETUUYUHBI B 5 3BE3HBIX Be-
JUYUH, MBI TIOHUMaeM, YTO YMEHBIIICHHE WHTEHCUBHOCTH B 4-10'2 mpuBealT K
YBEJIMYEHUIO 3BE3AHON BeIuMHbI B 31,5 pas.

Torga Bunumas BenuunHa ConHIlA, «IpUBEAEHHOTO» Ha paccTossHue B 10 1K
oyner —26,7+31,5=+4,8. Ona Oyner paBHa Mo =+4,8.

Bunumas 3BE31HAsT BemuuuHa ONFOKaMIIe sipkoil 3Be3nsl co3Be3aus LleHTas-
pa (ITpoxcumsl) m=0, ynanéunocts ot Comnua 1,3 nk. Eciu e€ mocraButh Ha

CTCA OT UHTCHCUBHOCTHU €TI0 Ha PACCTOAHHUN 1 a. €., YMCHbIIIAsICh B

2
paccrostnue B 10 mk, €€ MHTEHCHUBHOCTh YMEHBIIHUTCS B (E) = 8*=64 pasa.
3

OTO NpUBEET K YBEIMUEHUIO 3Be3/bl B 4,5 pa3a. 3HauuT, €€ abcontoTHas 3BE3/-
Has BenuunHa Oyner M,=0+4,5=+4,5. Kak BUHO U3 3TOT0, €CJIM MU3BECTHA BU-
nuMasi 3BE3/IHAs BEJIMYMHA m 3BE3/Ibl M PACCTOSIHUE 7 10 Hee (B MK), TO MOXKHO
MOJICYUTATh €€ a0COMIOTHYIO 3BE3IHYI0 BeIMYUHY. JIJIs1 3TOT0 acTpOHOMBI BHIBEITU
CHEIUaIbHYIO0 pacu€THYIO (HOpMymy:

M=m+5-51gr,
TJIe 7 — PACCTOSTHUE 0 3BE3/IbI B TTAPCEKaXx.
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Ecnu u3BecTHBI aOCOMIOTHBIE 3BE3aHBbIC BeauYMHbI CONIHIIA U ONMPEACIEHHON
3Be3bl (Mo va M.), To:

L.

lg =0,4(M, - M.).

©

B pe3synbrare n3ydeHus: CBETUMOCTH 3BE3]1 OBUIO YCTAHOBJIEHO, YTO UX CBETH-
MocTh Haxonutes B npegenax oT 0,0001 10 HeCKOIbKHX JI€CSTKOB THICSY CBETHU-
moctu CoJtHna.

Ocoboe MecTo cpenu SPKUX 3BE3M 3aHUMAIOT 3BE3/bI, HA3bIBAEMbIE TMTAHTA-
MU M cBepxrurantamu. OCHOBHasi 4acTh I'MFAHTOB HMMEET HHU3KYIO TEMIEpaTy-
py nosepxHoctu (3,4-10% K) U, B COOTBETCTBUU C UX LIBETOM, OHU Ha3bIBAIOTCS
KpacHuimu eueanmamu. TakoBel, HanpuMmep, Anbaedapan (camas sipkas 3Be3/1a Co-
3Be3nus Tenbla), Apkryp (camas sipkas 3Be3fa co3Besfust Bonomaca) u apyrue
10J0OHBIE UM 3BE3/IbI.

CBepXTUraHThl, CBETUMOCTb KOTOPBIX B JECATKU THICAY pa3 IPEBOCXOAUT CBeE-
tuMOCTh COJIHIIa, UMEIOT pa3HbIi BET: €CTh T0JyOble CBEPXTUTaHThI, Kak Purens
(mo-apabcku «Pwx anpb-xaB30» — «Hora Oorareips» — 6era Opuona), KpacHbIe
CBEpXTUTaHThI, Kak AHTapec (camas sipkas 3Be3na co3pe3aus Ckopruona) u be-
Tenpreize (mo-apadcku «MOT amp-xaB30» — «IIpaBoe miedo Goratwipsi», camas
sipKasi 3Be311a co3e3aus OpHoHa).

CrnekTpbl 3BE3]] C pa3IMYHBIMU CBETUMOCTSIMH TaKK€ OTJIMYAKOTCSA JIPYr OT
npyra. Ilostomy, 3Hast CeKTpbl 3BE3]], MOKHO ONPEAETUTh UX CBETUMOCThH U a0-
COJIIOTHYIO 3BE3IHYIO BeIMUUHY. Takoil MeToz onpeaeneHust pacCTOSHUM 10 3BE3]1
Ha3bIBACTCS MEMOOOM CHeKMPAIbHO20 NAPAIAKCA.

MeToa cnekTpaJbHOTO Mapajijiakca OTIUYAETCS OT TPUTOHOMETPUUYECKUX Me-
TOZOB TE€M, YTO OH MOKET OBITh HCIOJB30BAH ISl ONPENEICHUS PACCTOSIHHN 10
JHOOBIX 3BE3/1, CIIEKTP KOTOPHIX MOYKHO OIPEICTUTD.

§ 50. CniekTpbI M CHIEKTPAJIbHbIE KJIACCHI 3BE3/1

Baxxnble cBeeHNsA, OTHOCSIIMECS K 3BE3/1aM, MOXKHO TOJYYHUTh [TPU U3yUYECHHUH
uX CHeKTpoB. CHEKTPHbI 3BE3] SABIAIOTCSA JIMHEHYATBIMU CHEKTPAMH HOMIOLIEHUS,
KOTOpbIEe 00pa3yloTcs B pe3ysbTaTe HaKJIaJIbIBAHHS JTUHUU TOIVIOLIEHUS aTOMOB,
MOHOB U MOJIEKYJI HA SIPKUM HENIPEPBIBHBIN CIIEKTP 3BE3/bI.
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CrexTpbl 3BE3 pa3IMyaroTCcsl MO PACIpeAeNICHUIO0 YHEPrUil U3IIyYeHHs] B He-
MPEPHIBHOM CIEKTPE B COOTBETCTBUU C JJWHAMHU BOJH. TOYHO Tak ke OHU pas-
JUYAIOTCS W TI0 KOJIMYECTBY M MHTCHCHUBHOCTH HAONIOJAeMBIX CIIEKTPaTbHBIX
JIUHUHM, COOTBETCTBYIOIIMX XUMUYECKUM DJIEMEHTaM, COCTaBISIOIIUM CTPYKTYPY
ux armocep. XUMHUECKUE COCTaBBI 3BE3M, TEMIIEpaTypbl KOTOPHIX OMU3KH APYT
JPYTY, Pa3IMyaloTCs HE3HAUYUTEIbHO. ATOMBI BOAOPOAA M TEIUS COCTABIISIFOT OC-
HOBHYIO JIOJIFO BCEHl MaccChl 3B€3JIbl, ONpeAessis TeM caMbiM e€ criekTp. CreneHb
WHTEHCUBHOCTH JIMHUI STUX DJIEMEHTOB B CIIEKTpPE 3BE3JIbI 3aBUCUT OT (hu3mue-
CKOTO COCTOsIHUS €€ aTMocdepbl, KOTOPOE BO MHOTOM OIpenesseTcs: e€ Temrie-
parypoii. 3BE3MHBIE CIEKTPHl YCIOBHO pACHpEICNICHbl B CEMb CIEKTPaJIbHBIX
KJIACCOB:

O-B-A-F-G-K-M. CnekTpbl KaXJ0To Kjlacca B CBOIO O4epe/b JEsATCS Ha MOj-
KJIacChl, YUCIIO KOTOPBIX AoxoauT no 10. Hampumep, cnekrpanbHblil kiacc A Jie-
mutcst Ha nonkiaccel AO, Al, A2 (manpumep, CoiHIIE 110 CBOEMY CHEKTPY OTHO-
cutcs K kinaccy G2).

[TocnenoBarenbHOCTh KJIACCOB OTPAXKAET MPEXKIE BCETO pa3liuyuvs B TemIepa-
Type U 1BeTe 3BE€37. Eciau B ciekTpax OTHOCUTEIBHO XOJIOAHBIX KPACHBIX 3BE3N B
OOJIBIIIOM KOJTMYECTBE BCTPEUAIOTCS CIICKTPAIBHBIC JIMHUA HEUTPATHHBIX aTOMOB
U J1a3K€ MOJICKYJISIPHBIX COSAUHEHUMN, TO B CIIEKTPaX TOPSYMX TONyObIX 3BE3/ HAU-
0oJiee HHTCHCUBHBI JTUHUM MOHU3UPOBAHHBIX aTOMOB.

Knacc O. HenpepbIBHBINA CHIEKTp 3BE3]l 3TOrO Kjacca XapakTrepusyercs O00Jib-
IO MHTEHCHUBHOCTHIO YIBTpaduoIETOBOM 00JacTH crektpa. HambOonpiielr wH-
TEHCUBHOCTBIO O0JIaJJal0T JUHUM MOHU30BAHHOIO T'e€liMsl U MHOTOKPAaTHO UOHU3O-
BAHHBIX AMOMO8 Yenepooa, KpemHus, azoma u Kuciopooa. TemrepaTypa roryobix
3BEé3/1 aTOro Kiacca gocruraer 25000-50000 °C.

Knacc B. Haubonee UHTEHCUBHBI JIUHUM HEUTpaNbHOTO Tenus. [ oaybosamo-
Oenoeo 1BETA 3BE3/IbI ATOTO KJacca UMEIOT TeMrepatypy okoio 17 000 °C.

Knacc A. Hanbonee ”HTEHCUBHBI B CIIEKTPaX 3TOTO KIACCA NUHUU NO2TIOWeHUS
6000poda, aunuu uonusuposannoz2o Ca. LIBet 3BE3n Oemblil, TeMIepaTypa OKOJIO
11 000 °C.

Knacc F. Jlunuu Bomopoaa cTaHoBATCs ciiadee, 601ee MHTEHCUBHBI JIMHUU UO-
HU308aHHO20 Kanbyus. MHozo sceneza, mumana u Opyeux noOOOHuIX deMeHMO8.
Leem 36e30v1 ocenmosamuiii, Temmeparypa okoso 7000 °C.

Knacc G. B cnexrpe 3Be3nbl (Hanmpumep, ConHIIA) UHTEHCHUBHO W IIMPOKO
MPENICTABIICHBI JTUHUHM HeUMpAalbHbIX U YACMUYHO UOHU30BAHHLIX AMOMOS8 KAJlb-
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yus, TUHUU 68000poda ciabee (UHTCHCUBHOCTh WX CHIWDKEHA). [[eem owcenmuil,
teMmmeparypa okoio 6000 °C.

Knacc K. HaGnronaroTcsi THHUU TIOTIIOMICHUSI MEMALI08 U JUHUU MOLEKYIAD-
HbIX coeounenuil. [{eem xpacnosamuiii, Temmneparypa okojo 3500 °C.

Knacc M. B cnexmpe 36e30 2mozo knacca auHuu mMemaniog ciaoee, UHmMeH-
CUBHBL CneKmpaibHule JieHmuvl moaekyn (0COOEHHO OKcHIa TUTaHa). [[eem Kpac-
noii, Temieparypa 2500 °C.

Paznmuuus B criekTpax 3BE31 OOBSICHAIOTCS (U3HUESCKUMHU CBOMCTBAMH, XUMHU-
YECKHM COCTaBOM M, CAaMO€ TJIaBHOE, Pa3IMYHBIMU TeMIIepaTypaMu Ux arMocdep.
C pocToM TeMmrieparypbl 3BE3/1 MOJICKYIIbl UX arMoc(ep pacnagaroTcs Ha aTOMBI.
[Ipu e Gosiee BLICOKUX TEMIIepaTypax aTOMbI TOXKE PACIaaloTCs, TEPSIOT dIeK-
TPOHBI U MPEBPALIAIOTCS B MOHBL. BCE 3TO JIETKO MOHATH, Cy/s MO aHAIU3y CHEK-
TPaJIbHBIX KJIACCOB 3BE3I.

§ 51 . luarpamMMa cnieKTp-CBETUMOCTD

CBsi3p MEXIy CIEKTPaJbHBIMHU KJaccaMUu 3BE3] U UX TeMIepaTypoil Obuia
yCTaHOBJIEHA B pe3yibrare HaOmwoneHuil. TouyHo Takxke B pesynbrare Haoiro-
JICHUI ObLIa yCTaHOBIIEHA CBS3b MEXKIY CBETUMOCTBIO 3BE3 M UX aOCOIIOTHOM
3BE3IHOM BEJIMYMHOU. B pesynbprare ydeHsble 3aIyMaJMCh HaJ TE€M, CYIIECTBYET
JU CBSI3b MEXKJy BHJOM CIEKTpa U CBETUMOCTBIO 3BE31. DTy CBA3b HE3aBUCHU-
MO JpyT OT JApyra OTKpbUIM B Hadane XX B. JaTCKUil acTpoHoM 3. lepummpyHr
u amepukanckuii actpodusuk I. Peccen. OHm mpencTaBisiig 3Ty 3aBUCHMOCTH B
BUJIe TpaduKa, XapaKTEPU3YIOILIEro CBS3b MEXKIY CBETUMOCTBIO M CIIEKTPAJIbHBI-
MU kinaccamu. Ecnu Ha ocu abcuuce OTKIaAbIBaTh CIEKTPalbHbIE KJIACChl 3BE3,
a Ha OCH OpJMHAT — UX aOCOIIOTHBIC 3BE3/IHBIC BEIIMYMHBI, TO 3BE3/IBI MOXKHO pas-
OWTH Ha HECKOJILKO TPYII B 3aBUCUMOCTH OT CBSI3U MEXJY dTUMHU MapaMeTpaMHu.
Taxkoii rpaduk ObLT Ha3BaH JUATPAMMON CIEKTP- CBETUMOCTh, UJIM AMArpaMMOin
I'epummnpynra-Peccena. B Tol e cucreMe KOOpIMHAT HA OCH, MapauieIbHOU
ocu abcCIuce, OTKIIAIBIBAIOTCS MOKa3aTeau IBeTa Wik d(PQPeKTUBHBIE TeMIepa-
Typbl, HA OCH, MapajuIeIbHON OCH OpJMHAT, OTKJIAJbIBAIOTCA CBETUMOCTH 3BE3N
(B enmannax ceerumoctu ConHia, T.€. Lo=1) (puc. 93).
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L 20000 K 6000K  3000K Jwnarpamma I'epmunpynra-Peccena,

= = Ha KOTOpOHl 3BE3Ibl pa3OUTHl Ha TIpyl-
e bl B COOTBETCTBUU C HUX (PUIUYECKOM
E MPUPONIOH, JaeT BO3MOXKHOCTb YCTaHO-
S i BUThb CBSA3M MEXJIy HX TeMIepaTypamu,
— 8 CBETUMOCTSIMH, CIIEKTPAJbHBIMH KJIACCAMM
é 1 aOCONMOTHBIMU 3BE3IHBIMUA BEITMUMHAMH.
D Orta nuarpaMMa UrpaeT BaXKHEHIIYI0 POJib

B M3Y4YCHHUH (PU3UKH 3BE3I.
OcHoBHast 4acTh 3BE3] PACIOIOKEHA

Ha OTOW JuarpaMme BJIOJIb KPUBOM, HA3bI-

BP0 A o o
“oo:. " BAa€MOU TIJIaBHOU IIO0CIECAOBATCIIBbHOCTDBIO.

CrieKTpasbHbIe Kﬂaco_ B eé BepxHell 4acTH PacIONOKEHbI 3BE3IbI
O B A F G K M BBICOKOW CBETUMOCTH, MPHHAJJICKAIIUES K

Ha4YaJbHBIM CIICKTPAJbHBIM KJIaCCaM. IIo

Puc. 93. lnarpamma

MEpPE ABHKCHHUA BAOJIb AHAarpaMMbl BHU3
«Cl'IeKTp-CBeTI/IMOCTL». P p

U BIPABO CBETUMOCTb PACIOJIOXKEHHBIX Ha
Hell 3BE37 (@, 3HAUUT, M UX TEMIIEpPaTyphl) YOBIBACT, a caMu 3BE3/IBI OTHOCATCS K
CJIENYIOIIEMY CIEKTPAIbHOMY KJaccy.

Briiie maBHOM MOCIEA0BATEILHOCTH HA JUarpaMMe pacroiOKEHBbI 3BE3/bI C
OTHOCHUTEJIBHO HHU3KOM TeMIepaTypoi, HO OoueHb OonblIuMH auameTpamu. OHH
00J1aaf0T BHICOKMMH CBETUMOCTSIMU U SIBISIOTCS c8epxeucanmamu (aOCOmOTHAs
3BE3/MHAs BemuunHaA —4™, —5™) U ruranTamu (aOcomroTHas 3BE3aHas BenmuyuHa 0™).
B HmxHe#l wacTu AuarpaMMbl pacrojioKE€Ha Tpymma 3BE37, IIaBHBIM 00paszoM,
CIIEKTPAJIBHOTO KJlacca A M ¢ OTHOCUTENBHO HU3KMMHU CBETUMOCTAMH, KOTOPBIE
Ha3bIBAIOTCS KAPAUKAMU.

Bomnpocekl u 3axanus

. YUto Ha3piBaeTCst aOCOIMIOTHOM 3BE3HOM BEIUYMHOM?

. 3anmummre GopMyly, OTPaKAIOIIYI0 B3aUMOCBS3b aOCONIOTHOW W BHIUM
3BE3HON BEJIINYUHEI.

. YUTo BBI 3HAaETE O CMEKTPATHHBIX KJaccax 3BE317

. Kak criekrpanbHbie Kacchl 3BE3]1 CBSI3aHbBI C UX TEMIIEPATypoO 1 IIBETOM?
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5. Kakne ¢Qusnueckue mnapameTpsl 3BE3I CBA3BIBAET JHarpaMma CIIEKTP-CB
TUMOCTb?

6. Ilo kakuM 0COOEHHOCTSIM OTJIMYAOTCS 3BE3/IbI IIABHOM MOCIIEI0BATEIbHOCTH
TUTaHTOB U KapJIUKOB?

7. Kakasi cBsi3b CyIecTByeT MEKIy aOCOMIOTHOW 3BE3MHON BEIMYMHON U CBETHM
CTBIO 3BE3117

TEMA 22. § 52. ®uznueckue ABOVHbIE 3BE3IbI M MX THIIBI

Ha mepBbrit B3m1s11 3BE3161 HA HEOOCBOE KAXKYTCS ONMHOKUMU, HO CPEI HUX
JTMHAMAYECKU CBSI3aHHBIMH MOTYT OKAa3aThCsl U JIBE 3BE3/bl, U Ooiee ABYX 3BE3N:
TpOIHBIE, YETBEPHBIE W NPOYNE KpaTHbIe 3BE3/1bI. OOBIUHO y 3BE3/, BpaIAIONIIX-
Csl BOKPYT OOIIETo IEHTpa MacChl, OPOUTHI JIEKAT HAa OIHOW IJIOCKOCTH H TIEPH-
OIbl OBIBAIOT OAMHAKOBBLIMH. HO BCE ke OOJBIIMHCTBO TAKHUX 3BE3N SIBIISIOTCS
JBOWHBIMH. TeM He MeHee, BH3YyaJbHO ONHM3KME 3BE3IBI MOTYT OBITh HHKAK HE
CBSI3aHBI MEXy COOOM, OHU JIMIIb CIy4aifHO MOTYT OKa3aThCsl PACIIONIOKEHHBIMH
B OJIHOM HampasieHUH. Takue 3BE3/1bl HA3bIBAIOTCS ONMUYECKU OBOUHBIMU.

Buzyanvno-osotinvie 36¢30u1. Ecnu pusnyeckue ABOMHBIE 3BE3bI I0CTATOYHO
paszieneHsl, TaKk 4TO UX MOXHO HAOIIOaTh B TEIIECKON Ha PACCTOSHUU JIPYT OT
Jpyra, Kak 3a JByMs pa3lelbHbIMH 3BE3/1aMU, TO MX Ha3bIBAIOT BU3YANbHO-080LI-
HbIMU 36E€30AMU.

Ecnu koMIoHEHTHI 3BE3AHON CUCTEMBI PACTIONOXKEHBI TaK OIU3KO JAPYT K JIpy-
Iy, UYTO HE BUJHBI MO OTAEIBHOCTH, TO UX JBOMCTBEHHOCTh MOXET OBbITb OOHa-
pyxeHa 1060 QoroMeTpuyeckd (10 M3MEHEHUIO Oliecka 3Be3Jbl), JTMOO CIIeK-
TpaJbHBIMU MeTojgaMu. Takue 3BE3/bI HA3BIBAIOTCS 3AMMEHHO-080UHbIMU, UTIU
CNEeKMPAIbHO-0BOUHBIMU 36E30AMU.

Kak npumep BHU3yanbHO-IBOMHOMN 3BE3/IbI MOXKHO MPUBECTHU 3Be3y & bounbioii
Mengenuiipl, KOTOpasi pacrojiaraercsi BTOPOH OT KOHIIA B «pY4Ke KOBIIa», OHA
Ha3plBaeTcss Mumap. PgaaoM ¢ Hell MOXKHO 3aMeTUTh ci1alylo 3Be3ly, KoTopasi Ha-
3bpIBaeTCsl AJIBKOP (B TEpeBOe ¢ apaOCKOro «BCATHHUK»). DTy Mapy 3BE3N MOXK-
HO HAa3BaTh BU3yaJIbHO-IBOWHOW. OHU yaaneHsl Ipyr oT Apyra Ha 11'. B oObikHO-
BEHHBIN MOJIEBOM OWHOKJIH MOXXHO YBUJIETh MHOTO JIBOMHBIX 3BE31 (puc. 94). Ha
puc. 95 npuBereHa opOUTa MPENCTABUTENST BH3YyalbHO-IBOMHON 3Be31bl & bomb-
o MenBenuuel U €€ CITyTHHKA.
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Puc. 94. JIBoiiHbIe 3BE3BI,

HaO0JII0JacMbI€ B U3BECTHBIX

CO3BE3IUAX (IaHbI 3BE3THBIC
BEJIMYMHBI M TyTOBBIC PACCTOSHHUS

Y € o MEX]Ty 3BE3/IaMu).
Awnnpomensi| Bononaca | Bononaca [[oHuunx ncos
3,1m 180°
594m t-‘:’i!.'.'f‘:’ "".4 '.l’.ﬂ
% o 4711955 e
: %
[ Y
1 n Y 4 =.""
Paka Kaccuonen | Jlebens | Jlempduna — 270%, 1822 et 90°
T ey Ly
OO
(W SR T S—

070 075150 1/52/5

K o Puc. 95. Opbuta Bu3yanbHo-
bnusuenos | I'epkyneca | ['epkyneca [Tepces JBoiHOM 3Be3/bl (§ bonbmoi
Menseauiisi).
4 TunuuHelii  OpEeACTaBUTENb  3AMMEHHO-

1 3
I'maBHas 3Be3na
OpOura
mj 2 COILyTCTBYIO-
7] 3 1 1eit 3Be3ab1
i vV
3 4 w
1 2
4 2,
0 1 ) 3 (cyTkn)

Puc. 96. 3atMeHHO-/1BOIHAs
3Be3na (Anrons — B Ilepces).
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oegotinou 36e3061 — 3Be3na Anronb (P Ilepces),
YTO B IMepeBoje oO3HayaeT «l7a3 apsaBoiay.
[TnockocTr OpOUT 3BE3N ITOM CHUCTEMBI JIEKAT
0 JTy4y 3pEHHs, U KOTJa OHM 00paIiarTcs BO-
Kpyr OOIIero IEeHTpa Macc, TO TMOMEePEeMEHHO
3aTMEBAIOT OJIHA JIpyryio. B pe3ynbrare mMox-
HO 3aMETHTh, YTO €€ OJIECK MEHSIETCS C TIEPHO-
JIOM ~3 CyTOK, YTO CBHUJETEILCTBYET O TOM,
4TO OHAa SIBJISETCS 3aTMCHHO-IBOMHOI 3BE31101
(puc. 96).

Haxkonen, crekTpaabHO-IBOWHBIE 3BE3MBI,
uMest KaXJiasi CBOU cobcmeenHulil cnekmp, Oy-
IyT WMETh CHEKTp, 0Opa30BaHHBIM B pe3yib-



TaTe€ HAJIOXKEHUSI CIEKTPOB KOMIIOHEHT, YTO MPHUBEAET K Pa3IBOCHUIO HEKOTOPBIX
CTIEKTPAJIbHBIX JIMHUKM. B criekTpe ABOIHOM 3Be3/1bl OyIeT MEePUOIUIECKH HAOIO-
JIaThbCsl CMENIEHUE Pa3IBOCHHBIX CIEKTPAJIbHBIX JIMHUN OTHOCUTEIBHO APYT Apyra
B COOTBETCTBHH C MEPUOJIOM OOpaIlleHUs TTapHhl.

§ 53. Borunciienne maccol 3831 **

Opnna u3 HanboJiee BaKHBIX XapaKTEePHBIX IS 3BE3/Ibl BETUYUH — 3TO €€ Mac-
ca. [TapameTtpsl, oTHOCSIIMECS K 3BE3/l€, B TOW WJIM MHOW CTEIIEHMU CBSI3aHbI C €€
Maccoil. B ominune oT 3a7a4 1o OnpeesieHUIo APYruxX mapamMeTpoB 3BE3, 3a1a4a
ONpENIETIEHUS MAacCChl 3BE3/Ibl SIBIISIETCS OJTHOM M3 CaMbIX CIOXHBIX. Ecnu y 3Be3-
JIbl €CTh CITyTHUK, 110 TPABUTALIMOHHOMY BIIMSIHUIO HA HETO 3BE€3/bl BBIYKMCIUTH €€
Maccy MOXKHO, CleAysl TPeTbeMY YTOUHEHHOMY 3akoHy Kerepa.

JIist ABOMHBIX 3BE3/1 yHAa€TCs ONMPEACTIUTh UX MACChl O NePUoOam oopaujetus
U COOMHOUWEHUs K OCHOBHOLUL 36e30€e OOIbUOoU Noiyocu opoumsl A CIyTHUKA dTOU
3BE3JIbI:

T (M, +m,)) 47> | KT-C
e = G =5,9-10 -
M
Torma COBOKyITHOCTh Macc:
kr-¢- A
M,+m.=59 - 10" —— - —
M T

3necs M,, m. — COOTBETCTBEHHO, MAacChl OCHOBHOM 3B€3/bl U €€ CHYTHHKA; A —
0oJbIIasi TOJTYOCh OpPOUTHI CIYTHUKA, HAWJEHHOW MO OTHOUIEHUIO K OCHOBHOM
3Be3ne; I — mepuol ABOMHBIX 3BE3N; G — XapaKTepHu3yeT IPaBUTALMOHHYIO I10-
cTosiHHyt0 (31ech T — B cekyHnuax, 4 — B MeTpax, M — B KT).

UToOB! OMpeneNuTh Maccy KakIIOM 3Be3bl, BXOISIICH B JBOWHYIO CHUCTEMY,
HaJ0 BBIYHUCIUTh UX JABUKEHHE OTHOCHUTEIBHO OKPYXAIOUIUX 3BE3] U BBIYMCIINTH
UX PacCTOSIHUA OT OOIIEro IeHTpa Macc:

rne M,, m; — COOTBETCTBEHHO, MACChl OCHOBHOM 3BE€3/bl U €€ CIyTHUKA, do, dc —
OoJbIIMe TTOIYOCH UX OpPOUT.

8—Acmponomus, 11 knacc 113
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2F 1103
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+2F 410
+4 11
+6 |
+8 1o
all]
+12F 11073
+14 410+
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+18 + 1102
+20 1 R 1 L1l Ll a1 10—6

0,10,20,51 2 5 103050

Puc. 97. 3aBuCUMOCTb MEXTY
CBETHUMOCTBLIO M MacCOM 3BE3]I.

Maccel ABOMHBIX 3BE3/, BBIYMCICHHBIC
3TUM MeToaoM, cocTaBisitoT ot 0,1 mo 100
Macc ComnHia. 3BE3/bI C MACCOM B Mpeenax
10-50 Mo OTHOCUTENBHO PEIKH.

Maccy OAMHOYHBIX 3BE3] BBIYUCIUTH
HEBO3MOXKHO, HO OHMIUPUYECKUM MYTEM
oTpe/iesieHa 3aBUCUMOCTh MEK]Ty Maccou u
CBETUMOCTBIO OTJEIbHBIX TPYMI 3BE3M, 3a-
HUMAaroasi OT/IeJIbHOE MECTO B JAHarpaMme
cnekTp-cBeTuMocTh (puc. 97). Ha ocHoBa-
HUU 3aBUCUMOCTU MEXIY CBETUMOCTBIO U
MAacCOM ONpeAeseHa MacCa MHOTUX 3BE3] C
U3BECTHOM CBETUMOCTHIO. DMIUPUUECCKUM
nyTéM OIpeneicHa CBsI3b OOJOMETpHYe-
CKOM CBETHUMOCTH Ls (SHEPTHsl IOJHOTO H3-

Jy4yeHus 3Be3/bl) U Macchl M, 1o BelpaxkeHuto Ls=M,>°. B BepxHeil yacTu 1as-
HOM IOCIEAO0BATEIBHOCTH PACHOJIAraloTCs CaMble MAaCCHBHBIE 3BE3IbI, IO MeEpe
CHW)KEHMSI MacChl 3BE3]] YMEHBIIAIOTCS.

Bomnpocs! u 3axanus

. Kakue tuns! pusznyeckux ABONHBIX 3BE3] CYIIECTBYIOT?

. Kakue 3BE3/1p1 Ha3bIBAIOTCS BU3YaJIbHO-ABOMHBIMU? 3aTMEHHO-IBOMHBIMU?
B uém nmpuunHa nepuoIuYHOCTH OJIeCKa 3aTMEHHO-IBOMHBIX 3BE3117

. Kak onpenernsercs qBOMCTBEHHOCTb CIIEKTPAIbHO-ABONHOM 3B€3/b17

. Ha ocHOBaHMHU KaKkoro 3aKoHa ONMpPEIEISIFOTCS MAaCChl IBOWHBIX 3Be3/17
. Kakasi 3aBuCHMOCTh MEXIy CBETUMOCTBHIO M MAacCOH HEKOTOPHIX 3BE3[ OBL

HalJeHa SMIUPUUYECKUM MyTEM?

. B xakux npeznenax egunui] maccel CoJiHIIa U3MEHSIOTCSI Macchl 3BE3117
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TEMA 23. § 54. ®uznueckue nepemMeHHbIe 3BE31bI, Hedenabl,
HOBbI€ U CBEPXHOBbIE 3BE3/1bI

OU3NYeCKUMH MEPEMEHHBIMH 3BE3/1aMH HA3bIBAIOTCS 3BE3/bI, KOTOPHIE MEHS-
IOT CBOIO CBETHMMOCThb B OTJIMYME OT 3aTMEHHO-IBOMHBIX 3BE3]l. DTO M3MEHEHHE
NPOUCXOAUT B pe3yabrare (U3NYECKUX MPOIECCOB, MPOUCXOMSIIMX B HEApax
3BE31. Du3uveckre nepeMeHHbIe 3BE3/IbI 10 XapaKkTepy U3MEHEHHs UX OJiecka Jie-
JISITCSL HA MTYJABCUPYIOLIUE U SPYNTHUBHBIC 3BE3/IBI.

Ilynvcupyrouue nepemennsie 36e30ul. Ledenabl. 3BE3bI, Yy KOTOPBIX KpUBAs
Onecka uMmeetr 0coOyr GopMy M U3MEHEHUE BUJIMMON 3BE3THOM BETUYMHBI MPO-
UCXOJUT C TEPUOIUYHOCTBIO OT HECKOJIBKUX CYTOK JI0 HECKOJIBKHX JECATKOB CY-
TOK, Ha3bIBAIOTCS Yedeudamuy — 0 UIMEHU TUITMYHOTO MPEICTABUTEINS STOTO THUIIA
nepeMeHHbIX 3BE37 — 3Be3/bl O Lledes (puc. 98).

CeetumocThb 1ieden; HaXOOUTCSl B Tpenenax 2-6 3BE3MHBIX BeNIWYUH. B mak-
CUMyM€ CBETHUMOCTH 3Be€3/la NMPUHAIICKHUT K CIEKTpaJbHOMY Kiaccy F, B MUHHU-
MaJbHOM — K crekTpaibHoMy kiaccy G. Takoe

U3MEHCHHE CBETHUMOCTH 3BE3[bI MPONOPIHO- | Ia \ Am
HaJBHO W3MEHEHHIO €€ TeMIeparypbl B Cpel- [ \ 10,2
HeMm Ha 1500 rpagycoB. JIluHum nomiomeHus, \ 10,4
HaOJI0IaeMble B CIIeKTpax Iedens, B 3aBUCH- - /,/ 10,6
MOCTH OT (pa3bl U3MEHEHHS CIBUTAOTCSI COOT- Vi3sMeHeHus ApKOCTH
BETCTBEHHO B KPAacHYIO WU (UOJETOBYIO 00- ,33@3351 _A2R,11<01\2
macté crekrpa. Takol CHOBHMT CHeKTpanbHEIX | |/ i
JMHKHA neeni COOTBETCTBYET MUHUMYMY CBEe- [/ \ - 1100
THMOCTH NIPY MAaKCHMajlbHOM caBure B kpac-  |\/ 1 n;lai(/; brpa] 0
HYI0 00JIaCTh CIIEKTPa, MaKCHUMyMYy CBETHMO- 3BE3IbI
CTH TP MAaKCUMaJIbHOM CJIBUTE B (PHOJICTOBYIO
o0acTh criekTpa. Mexay mepuoaMu M CBETH- )
MOCTBIO Tie(her] CYIIECTBYET CBs3b, yBEIUYC- 4

0 0,8 1,0 (cyrtkn)
HUC CBETHMOCTH OTPaKaeTCs Ha YBEIUYCHUHU
ux mepuoga. Takum oOpa3oM, pacCTOSHHS 0 Puc. 98. Kpussbie sipkoctr (Am)
3BE3MHBIX CHCTEM, TJI€ €CTh MYJbCHPYOIINE 1 u3MeHeHus paauyca (AR)
e en bl ONpeeNAOTCs MO UX CBETHMOCTH. ueenn (38e3n tuna d Ledesn).
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[TockonbKy 1eden bl OTHOCATCA K THTAHTCKUM U CBEPXTMTAHTCKUM 3BE3TAM
kiaccoB F u G, ux MOXHO HAOIIOIATh U 3a Mpe/ieslaMU HaIllel TalaKTUKH.

Jpynmuenvie nepemeHnHble 36€30bl. DPYNTUBHBIMU 3BE3AMU HA3bIBAIOTCA
3BE3/IbI C OTHOCUTEILHO MEHBIIICH CBETUMOCTBIO (B OCHOBHOM KapJIMKH), U3MEHE-
HUE UX OJieCKa MPOUCXOIUT B BHUJIE MOBTOPSIOLICHCS BpeMsi OT BPEMEHHU BCIBIII-
K{. DT BCIBIIKHA OOBSICHIIOTCS BHIOpOCAMHM ILIa3Mbl (IPYIIUH) 3BE3], TOITOMY
OHU HA3BIBAIOTCS IPYNMUBHBIMU NepeMeHHbIMU 36€30amu. HeKoTopbie 3pynTHB-
HBIC 3BE3/bI HA3BIBAIOTCS HOBBIMHU.

Hosble 3B€31b1. HoBble 3BE3/1bI — 3TO 3pyNTUBHBIE NIEPEMEHHbBIEC 3BE3/Ibl, Ha-
3BaHHME «HOBBIE» SIBIIAECTCS YCIOBHBIM M OTPaKAET TOJIBKO ONMPEACTIEHHYIO CTAUI0
MEPEMEHHOCTH 3BE3/. 3BE3BI ATOTO THUIA, HA CAMOM JIeJie CYIIECTBYIOIIUE YKE
JTABHO, HO HE BUJMMBIE M3-32 UX TYCKJIOCTH, OTJIMYAET TO, UTO HA ONpPEACIEHHOM
JTare CBOEW SBOJIIOIMM OHM BHE3AITHO BCIIBIXMBAIOT, YBEIUYMBAs CBOWM OJieck
10 10—13 3BE3MHBIX BETWYUH, CTAHOBSICh BUAMUMBIMU HEBOOPYKEHHBIM TJIa30M.
B cpennem ux aOcomoTHas 3BE3AHAS BEIMYMHA B MAKCUMyME JOCTHTAaeT 8,5 W
3BE3[IBI ATOTO TUIIA B MAKCUMYME BCIHBIIIKH CTAHOBATCS MOXOKUMH Ha CBEPXTHU-
ranTel Tuna A—F.

N3yuenue Takux 3BE31 0 W MOCJE BCIBIIIKA MPUBOAUT K BBIBOAY, YTO ATO
NBOIHBIE 3BE3/1bI. [IpUunHOI B3pbIBa HOBOW 3BE3/bI SIBISETCS, BO3MOXKHO, OOMEH
BEIIIECTBA MEXK/y KOMIIOHEHTAaMHU TECHOW JBOMHOM cucTeMbl 3BE31. [Ipeamnosnara-
eTCsl, UTO OJlHA W3 3BE31 — OOJbIasi, C MEHBIIEH MJIOTHOCTBIO, Ipyras — Kapiu-
KOBasi, ¢ OOJIBIION IUIOTHOCTHIO. ECM BelmecTBo ¢ OCHOBHOM, OOJBIION 3BE3JbI
nonaaEéT Ha MOBEPXHOCTh €€ CIYTHUKA — KapJIMKOBOM 3BE3/Ibl, 00JIa1at0IIei O0Ib-
IIOM MJIOTHOCTBIO U CUJIOW MPUTSKEHUS, TO BO3MOXKHO BO3HUKHOBEHUE mMepMO-
SA0epHOU peakyuu.

B nmepuona BenbIliky HOBOM 3BE37bI BBIJEISIETCS KOMUYeCcTBO dHepruu B 1038—
10%° JI>k, paBHOCHIIBHOE CyMMapHOMY H3i1y4yeHH0 COJIHIA 32 HECKOJIBKO JIECAT-
KOB TBHICSY JICT.

[Ipu 3TOM 001mast CTPyKTypa 3BE37bl HE MEHSETCS, TaK KaK BEIOPOC BEIIECTBA
3BE3bl — pe3yJbTaT OTpbIBa OT He€ oOonouku ¢ maccoir 104-10° My co ckopo-
cteio 10 15002000 km/c. B pesynapTare BOKpYT 3Be3/bl 00pa3yeTcs ra3oBas Ty-
MaHHOCTbh. JleHCTBUTENBHO, TTOJOOHBIE TYMaHHOCTH MOXKHO HAOJIOIATh PSIIOM C
ommkaiimuMu K COJTHITY HOBBIMHU 3BE3IAMU.
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Ha cerogusamnauii JeHb M3BECTHO OKOJ0 300 BCHBIIIEK HOBBIX 3BE3J, OKOJIO
150 u3 Hux Habmomanuch B Hamel ["anaktuke, a okono 100 — B coceqHelt TymaH-
HOCTU AHJIPOMEIBI.

CBepxHOBbBIE 3BE3/IbI — ITO 3PYNTUBHBIE TEpEeMEHHBIC 3BE31bI. OHU CUMTAIOT-
Cs TUTAHTCKUMHM MacCUBHBIMU 3BE&3aMu. MIX CBETUMOCTH PE3KO YBEIWYMBAETCS
B PE3yJIbTaTe BCHBIIIKU. 32 HECKOJIBKO JHEW CBETHUMOCTh BO3PAacTaeT B AECCATKHU
MUJUTMOHOB pa3. B MakcuMyMme SIpKOCTh TaKOW 3BE3Ibl JIOCTUTAeT SIPKOCTH BCEi
rajakTUKH, TJ€ OHA HaXOAUTCS WK Jlaxe mpeBocxoaut e€ B 3—4 pa3a. B makcu-
MyMe SIpKOCTH e€ aOcolltoTHas 3BE3/HAsI BeJMYMHA jgocturaet —18m, —19m. Mak-
CHMyMa CBOCH SIPKOCTH CBEPXHOBas 3Be37la JOCTHTAET 3a 2—3 HENeNu, a 3aTeM B
TEUEHUE HECKOJbKHX MECSAIEB €€ ApKOCTh yMeHbinaercs B 25-30 pa3. Bo Bpems
BCIIBIIIKA CBEPXHOBOM BBIJEISETCS KOJIUYECTBO SHEPIrHM, cocTasisomiee 104—
1042 JIx.

B HEKOTOpBIX TallaKTHKaX CBEPXHOBBIC 3BE3/bI HaOMOmaroTcs 1-2 pasa 3a
100 ner. I3 ucrtopuu acTpOHOMHHM HM3BECTHO, YTO B Hamiei ['amakTuke yganoch
HaOJIIO/IaTh HECKOJIBKO BCHBIIMICK CBEPXHOBBIX 3BE3. OCOOEHHO CHIIBHOW Oblia
BCIIBIIIIKA CBEPXHOBOM B co3Be3nauu Tenblia, kotopyto B 1054 romy Habmromamn
KUTAalCKUE U SMOHCKHE ACTPOHOMBI. Uepe3 HECKOIBKO JHEW MOCJE B3phbIBA ATy
3Be31y, KoTopas Oblia spue BeHepbl, MOXKHO ObLIO HAOMIOMATh Jgaxe aHeM. Bo
BpeMsl BCTIBIIIKH Takue 3BE3/bI TEPSIOT KoiaumdecTBO Bemectsa ot 0,1 go 1,0 M,
U3BEPrasi ero B MEX3BE3IHOE MPOCTpaH-
cTBO co ckopocthio 6000 xm/c. Jlaxe
cnycta noutd 1000 jer MOXHO mMO-
MIPEKHEMY OIPENeTUTh B 00pa30BaBIIeH-
Csl TOCJe B3pbIBA TYMaHHOCTH CKOPOCTh
pacmmpenus, gocturaromnryro 1000 km/c.
W3Bepruyrasi B pe3yibrare B3pblBa Mac-
ca rasza oOpa3oBajla THTAaHTCKYIO Ta30-
BYI0 TyMaHHOCTh. Takasi ra3oBas TymaH-

HOCTb, BO3HUKINIAsA B CO3BE31IMM Tenbla,
u3BecTHa noja HazBanueMm KpaGouanoit — Puc. 99. KpaboBuaHas TyMaHHOCTb B
TYMaHHOCTH (puc_ 99) BCHLIH_IKy I[pyrof/'l co3Be3uK Tenblia — 0CTaToK B3phbIBa

CBEPXHOBOM 3Be3/IbI B co3Be3nauu Kaccu- CBEPXHOBOH 3Be3/1bl B 1054 1.
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oneu HaOmoman B 1572 r. Tuxo bpare. B 1604 roay BCHBINIKY CBEpXHOBOM 3BE3-
Il B co3Be31uu 3MeeHocta Haomonan M. Kemnep.

[lenTpasiibHas 4acTh 3BE3/IbI, B3PHIB KOTOPOH MOYKHO ObLIO HAOMIONATh B BUC
BCIIBIIIIKA CBEPXHOBOM, PE3KO CIKMMAETCS MOCJe B3phIBa (B HAyKe ATO HAa3bIBACT-
Csl KOJLJIATICOM) U TIPEBPAIIAETCs B 0OBEKT C OY€Hb OOJBIION MIOTHOCTHIO. [110T-
HOCTH €€ BEeIeCTBa JIOCTUTAET IUIOTHOCTH aToMHOTO sifpa (10'* r/cm?). Tlpu Takoi
IJIOTHOCTH B PE3yJIbTaTe CIUSHUS MPOTOHOB U 3JEKTPOHOB aTOMBI sijipa MpeBpa-
IIAIOTCSI B HEUTPOHBI, a caMasi IIEeHTpaibHasl YacTh 3BE3/bl — B TaK HA3bIBAEMYIO
HEUTPOHHYIO 3BE31Y.

Bomnpocsl u 3aganust

Kakwue 38E3161 Ha3bIBaIOTCS (PU3HMUECKUMHU TEPEMEHHBIMU 3BE31aMuU?

Kakue n3 mynbcupyromux 3BE3/1 Ha3bIBAIOT edernnaMmu’?

Kakasi cBsi3b CyliecTByeT MEXa1y HEPHOAUNIHOCTHIO H CBETUMOCTBIO TIe(er?
Yto BBI 3HAaETE O MEXaHU3ME BCIIBIIIEK HOBBIX 3BE3.?

YTo npoucxoauT ¢ Maccoil CBEpXHOBBIX 3BE3/1 MPHU BCIBILIKE?

B kaxoe HebGecHOe Teno mpeBpalaeTcsi CBEPXHOBAsI 3B€3/1a MOCIIE BCIIBIIIKN?

AT e

TEMA 24.  § 55. OBouronus 38é31. HeMTpoOHHBIE 3BE31bI
U «4€pHBbIE AbIPBD» *

[To MHEHWI0O MHOTHX acTPOHOMOB, 3BE&3MbI (M TAJTaKTHKH) 0Opa30oBaMCh B
mporecce cxkarusi (KOHACHCAIMKM) W BpaICHHs] Ta30BOT0 O0JIaKa, HWMEOIIEro
oueHb OoJbIIyr0 Maccy. IlpemcTtaBuM, YTO XOJIOMHOE Tra3o-TIbLICBOC 00JIaKO IO
OTIPE/ICIIEHHBIM MMPUYMHAM CXKUMAETCs. M3-3a CHIIBI BCEMUPHOTO TATOTEHUS T'a30-
BO¢ 00JIaKO HAYMHAET MPUHUMATH (opMy Iapa. B pe3ynbrare c)kaTtvs MIOTHOCTb
U TemrepaTrypa objiaka pacTéT, ¥ B OyIyIlIeM OHO CTAaHOBHUTCS MPOTO3BE3M0M (HA-
yajbHasl CTaaus 00pa3oBaHMs 3BE3/bl). Temmneparypa 00OJOYKH TOBBIMIACTCS, U
NPOTO3BE3/la HAYMHAET CBETUTHCS B YIBTPAKpacHOM auara3oHe. Korma B meHTpe
pOTO3BE3IBI TeMIepaTypa gocturaet npumepro 107 °C, TaM HauyuHACTCS peak-
IIUsT TEPMOSIZICPHOTO CUHTe3a. HaumHasi ¢ 3TOro MOMEHTa BCIEACTBHE TPHUIIE/I-
IIMX K PAaBHOBECHUIO BHYTPCHHUX CHJI JABJICHHS Ta3a U CHJI TIPUTSDKCHUS BHEIITHUX
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gacTel 3Be3/Ibl MPOIIECC CXKaTUs 3BE3/bl OCTaHaBiIMBaeTcs. YeM Oosbliie macca
3BE3/IbI, TEM BBINIC TeMIEparypa, Ipu KOTOpoW Bo3HUKaeT OamaHc. [loatomy u
CBETUMOCTH 3BE3]] ¢ OOJIbIIIEH Maccoil OyaeT OobIIe.

Korma B nieHTpe 3Be31bI BOIOPOJ HAYMHAET «POBHO TOPEThHY», CIKATHUE 3BE3JIbI
MEePEXOIUT B ATAl CTAIIMOHAPHOTO COCTOsSHUS. B Takom Buje 3BE3/1bI 3aHUMAIOT
CBO€ MECTO B IJIaBHOM MOCJIEOBATEIBLHOCTH JUArPaMMBbl CIEKTP-CBETUMOCTb.
Bpewmsi, B TedueHne KOTOPOTO 3BE3BI HAXOAATCS B TIABHOM IMOCIEN0BATEILHOCTH,
CBSI3aHO ¢ WX Maccoil. KpymHbie 3BE3/bI ¢ OOBIITON MOITHOCTHIO U3TyUYEHHUs, ObI-
CTPO MPOXOJIsi CBOM IBOJIIOIMOHHBIN MEPUOJ, HAXOAATCA B CTAIIMOHAPHOM TEPHO-
JIe BCEr0 HECKOJIbKO MIJLTMOHOB JIET, 3BE3/bI ¢ Maccoi, mogobnoi CosHily, mpo-
XOAST Takol nepuo He meHee 10! jer.

[Tocne mpeBpaieHuss BOJOpOAa B TelMil B IEHTPE 3BE3/bl 00pazyeTcs Telu-
eBoe saApo. Tenepsr mpeodpa3oBaHUE BOAOPOJAA B Ieiuil UIET HE B IEHTPATbHOMN
4acTH 3Be3/Ibl, a B 000JI0UKe s/ipa. B 3T0 Bpems ucCCAKaeT UCTOYHUK SHEPIUH Te-
JIMEBOTO sIIpa, OHO CHOBA HAUMHAET CXKUMATHCS M BCIEACTBUE ITOTO PACKAISIETCS.
Koraa temneparypa simpa nocturaet 15 - 100 °K, renuii mpeoOpasyeTcs B yIJIepo/.
B pesynbrare Benu4ynHA U CBETUMOCTD 3BE3/IbI BO3PACTAET, U OHA MEJJICHHO IMpe-
BpaIae€TCsS B TUTAHTCKYIO WJIM CBEPXTUTAHTCKYIO 3Be3My. MBI 3HaeM, 4TO B JlHa-
rpaMMe CIIEKTP-CBETUMOCTh TaKue 3BE3/IbI 3aHUMAIOT 0CO000€ MEeCTO.

3Bé3np1, oxoxkue Ha ComHie (maccoit He Oonee 1,2 maccsl ConHia), Men-
JIEHHO PACIIUPSSICh, B KOHEYHOM HTOT€ MOKHUAAIOT CBOE spo. Takum obOpaszom,
MOCJICAHUIM ATal KU3HU 3BE3/IbI, KaK U BCS €€ DBOJIOLMS, 3aBUCUT OT €€ MacChl.
B xoHeuHOM mTOTrE 3BE3/1a TEPSET OCHOBHYIO YaCTh SHEPTUU U, OXJAXkIasCh, Ha-
YHHAeT CXKUMaThcs. B pesynpTare KpacHasi BIAIAIONIASICS TUTAHTCKas 3Be3Ja
MpEBpaIIacTCs B TOPsIUMil OeNbIil KapiauK. 3BE3MHBIA MHUpP OOraT TaKUMU OETBIMU
KapaukaMmu. M3 3Toro BUIHO, YTO MHOXKECTBO 3BE3]] MOCIE MPEBPAICHUS B OCIIBIX
KapJIMKOB MTOCTENEHHO OCTHIBAET U TACHET.

Ho xorma macca 3Be3ibl M JaBlIEHHE raza B siApe JOCTUTAIOT ONpEAcTIEHHOM
BEJIMYUHBI, BCICACTBUE IPABUTALMOHHBIX CHJI HAYMHaecs mpolecc cxarus. [1po-
UCXOJUT TaK Ha3bIBaeMbIN KoJutarc (karactpoduueckoe cxkarue). Ecimu macca
3BE3/IbI IOCTUTACT NMpUMEpHO 2—3 Macchl ColHIIa, KoJuTarca el He n30exarh.

Ecin «HedTpoHHBIN Ta3», 00pa30BaHHBIA B pe3yabTaTe CHKATHs 3BE3IIbI, Mpe-
BpaTUBIIEHCS B HEUTPOHHYIO, CMOXET CONMPOTUBIATHCA CUJIaM IPaBUTAIIMM, CXKa-
The mpekparutcs. HelitponHas 3Be3na uiu «4€pHasi IbIpa» oOpa3yeTcsi He cama
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o CC6C, a BCJICICTBHUC ﬂanLHeﬁmero CXKa-
THUA OCTATOYHBIX MACC 3BE3AbI H 00s13a-
TCIBbHO «IICPCIKUTOI0» AACPHOI0 B3PbIBa

[CBEpXITOE : y
| 3 (B BUIEe cBepXxHOBOM). 3-3a Takoro B3pbI-
: . Ba BEILECTBO MEPEXOIUT B COCTOSHUE HEU-
; : TPOHOB, TOrJa €€ Ha3bIBAlOT HEUTPOHHOU
4 w (puc. 100).

Ecnu macca 3Be3abl HEMHOTO OoOJbIIe
3Be3na Heiitpon- Heiitpon- maccel ConHIla, TOrdga JaBJICHHE «HEH-
benbiit Has 3Be3a Hafi 3BE3AA  1poHHOro raza» HE CMOXKET COMPOTHBISATH-
KapiuK WM 4€pHas

bipa Csl CWJIE TPaBUTAIMH, U 3BE3]a TPOJOJIKUT

cxumMarbesi. Korma paauyc cxumaromieics
Puc. 100. DBomrorus 3BE3/1

0 MX Macce. (Torma BenM4M-

3BC31bl JOCTUITHET

2

Ha CKOpPOCTH ¢ IS 3Tgl71 3BE€3/1bl IOCTUTaeT

Mops/IKa CKOPOCTH cBeTa (T.€. BTOPOM KOCMUYECKOW CKOPOCTH). pyrumu ciosa-

MU, HUYTO, J1a)K€ KBAHT M3JIyYEHUSI HE CMOXET IMOKUHYTh 3BE3]y, I03TOMY 3BE3/a

cTaHeT HeBUIUMON. C TEOPETUYECKOM TOYKM 3PEHHUs Takas 3BE3/1a MOXKET CyIlle-

CTBOBaTh, TMIIOTETUYECKH 3BE3/1a TAKOTO «BHJa» OyIeT Ha3bIBaThCS YepPHOU Obl-
poti, a paauyc OyleT Ha3bIBaThCS 2pasUmMayuOHHbIM.

Tax e€ Ha3BalM MOTOMY, YTO cujia €€ TPaBUTAILIMU MPEIATCTBYET KaKOMY-JIH00
€€ U3IIyYEHHUIO.

Eciu «aépnast apipa» OymeT oqHON M3 NBOWHBIX 3BE3M, TO OHA CTAHET MOCTO-
SIHHO «BCAChIBAaTh» BEILECTBO HOPMaJbHOH 3Be3/bl. OOpa30BaHHOE B 3TUX YCIO-
BUSX MOLIHOE PEHTTEHOBCKOE M3JIYyYEHUE PErHMCTPUPYETCS B PEHTI€HOBCKOM JIMa-
[Ia30HE CIELUAIBbHBIM PEHTTEHOBCKUM TEJIECKOIIOM, HAIlOMUHAs IPHU ITOM, 4YTO
OCHOBHAs 3B€3/1a — ITO «YEPHAs AbIpay.

BOl'lpOCI)I H 3aJaHusA

. U3 kakux 3BE31 00pasyroTcst «Oenpie Kapaukm?

. Kakme 3BE31bI B mporiecce CBOEH HBONIIOLMHU TPEBPAIIAIOTCS B HEHTPOHH
3BE3/bI?

. B 3Be31y ¢ kakuM pajnycoM MpeBpaIarTcs «4EPHBIC ABIPhI» Ha 3aBEPIIAFOIL
9Tare CBOeH IBOIIONNN?

. Ocratkamy Kakoro BUIa 3BE3]] CYUTAIOTCS «UEPHBIC ABIPHI»?
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VI PAJIEJI. CTPOEHHME U 3BOJIIOIIUA
KOCMOCA

TEMA 25.  § 56. Ctpoenne Hameil ['anakTukn,
eé cocTaB U BpalleHne

Ecnu 6e3005mauH0#i TEMHOM HOYBIO MMOCMOTPETh Ha HE0O, TO MOKHO YBHUJCTD
NPOTSHYBIIYIOCS 4Yepe3 BeCh HEOOCBOJ CBETIYIO «IOJOCY», Ha3BaHHWE KOTOPOM
HaM 3HaKOMO C JercTBa — Muteunsid [1yTs.

PaccmarpuBast MieuHblil yTh B OOBIYHBIN MTOJIEBOW OMHOKIIb WJIM MaJICHBKUI
TEJIECKOI, MOYKHO YBHJI€Th, YTO OH COCTOMT M3 3BE3]], PACIIOJIOKEHHBIX OJIM3KO
ApYT K ApyTy.

YacTe 3TOW OrpOMHOM cHCTEMBI 3BE31, Kyda BXOauT ConHIE Kak OOBIYHAs
3Be371a, Mbl Ha3biBaeM Hameu ['amakrukoil (puc. 101). Ecnm paccmarpusath [a-
JAKTHKY COOKY, OHa MMEET BUJ JIBOSIKOBBITYKJIOW JHUH3BI. Jnamerp ['amaktuku B
aToil e€ yactu HemHoro mensbine 100 000 cBeToBwIX JjeT, €€ TonmuHa pasHa 7000
cBeTOBBIX JieT. PaccTtosHue or CoaHEuHOM cucTeMsl 10 LeHTpa ['anakTuku, paBHO
2/3 pagmuyca comueunoii cucremsl (33000 cB.i1.) (puc. 102). Ecau mocMoTpeTs Ha
Juck ['amakTuku B HampaBiIeHUH, MEPIEHINKYISIPHOM €ro MIOCKOCTH, TO MOXHO
O0OHapyX UTh pacxofsIiuecs OT e€ LIEHTpa clupaibHble pykaBa ['amakTtuku, pac-
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Puc. 101. Miie4HbIi yTh — «IIOSIC» Puc. 102. Bun nameit ['anaktuky —
Hameil [anakTuky. CBEpXY U COOKY.
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LenTpanbuas MOJIO’KEHHBIEC BIOJIb €€ MIOCKOCTU U Haro-
SR MUHAIOIIUE TI0 CBOEMY BHEIIHEMY BHIY
: Hble 00J1aKa
ol ® CnmpajibHble XOJIOBOE KOJIECO MAasTHUKOBBIX 4acoB (puc.
«pykasa» [(3). Eciiu cMOTpeTh Ha HEHTPAJIbHOE PO
[Nanaktuku co croponsl CollHEUHOU cucte-
MBI, TO MO>KHO 3aMETUTh, YTO OHO MPOCIIH-
5 pyercs Ha co3pe3aue Ctpernbla.
N DOIaCTE CornacHo pacuéram, B ['anmaktuke Oko-
10 200 munnuapaoB 3BE3a. [lomumo 3BE3N
B HE€ BXOJAT KpaTHBIC 3BE3/IbI (CUCTEMBI U3
HECKOJIbKMX 3BE3/, 00pallarolInXxcsi BOKPYT
oO1Iero meHTpa Macc Mmoj JeHCTBUEM TIpa-
BUTAI[MOHHBIX CHWJI), TPYMIBI 3BE3]1 U 3BE3/-
HBIE CKOTUICHHUSI, MEXX3BE3HBIC Ta30MbUIeBbIE 00MaKka U TYMAaHHOCTH, MOJIEKYIISIP-
HbIe O0JaKa, KOCMUYECKUE Jy4d U T. 1. Bce 3BE3apl, kak u CoNHIIE CO CBOMMH
IaHeTaMu, oOpaimiatoTcs Bokpyr spa [amaktuku. [1nockocts Maeunoro Ilytu u
MJIOCKOCTh HEOECHOro sKBaropa oOpasyroT yroia B 62°. [Ipu 3ToM CKOPOCTH JBHU-
JKEHUs 3BE3]] YMEHBINAIOTCA MO Mepe yaan€éHus oT siapa [amaktuku. CKOpoCTh
Bpamenus ConHna u Ommkailimmx Kk HeMy 3BE3x coctaBisieT 240 kM/c, mepuon
oOpaienus — okosio 200 MIULTHOHOB JIET.

Puc. 103. CriupanbHble «pyKaBay
Haiei [anakTuku (BUI CBEPXY).

§ 57. lllapoBblie U paccesiHHbIE 3BE3IHbIE CKOMJICHUSA **

B l'anaktuke UMEIOTCS HE TOJBKO OJMHOYHBIE 3BE3/bl, HO U JUHAMUYECKH 3a-
BHUCHMBIE Mapbl 3BE3]l, KpaTHbIE 3BE3/bI M, HAKOHEL], CKOIUICHHS, COCTOAILIUE M3
COTEH U ThIcsu 3BE3A. ['pynmbl, conepxamue ot 10 10 HECKOIBKUX THICAY 3BE31,
CBSI3aHHBIX MEXIY COOOM TUHAMUYECKMMHU 3aBUCHUMOCTSIMHU, HA3bIBAIOTCS 38€30-
HolMu ckonnenusmu. 110 BHeUIHEMY BUAY pa3lMyarOT paccesHHvle U Wapogvle
38E30Hble CKONJICHUSL.

Pacceannvie 36é30nvle ckonienus. PacnonoxeHHbIE OT HAC HA OJMHAKOBOM
pPacCTOSSHUU M CBA3aHHBbIE MEXJy COOOW TI'paBUTALMOHHBIMU CUJIAMH 3BE3HBIC
CKOILJICHUS Ha3bIBAIOTCS PACCESIHHBIMU CKOIICHUSIMHU.

B T'anaktuke umeercs okono 800 paccessHHBIX 3BE3AHBIX CKOIUICHUM C aua-
merpamu oT 1,5 nkx 1o 20 nk. K XOpoIio M3BECTHBIM PacCEsHHBIM CKOIUICHUSM
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AcTepona

Puc. 104. PaccesHHOE CKOILIEHUE 3BE3] Puc. 105. llapoBoe CKOIIIICHHE 3BE3]]
[Tnesnsl. M-13, conepxaee 6omee 20000 3Be31.

otHocsATcs ckoruieHus [lnesapr u ['maner B co3pe3aun Tenbia. [lnesasr Haxonsr-
cs Ha paccrosHuu 130 nk ot Connua (puc. 104), I'manpl — HAa pacCTOSIHUM OKOJIO
40 nk.

Hlaposvie 36é30nble ckonnenus. OTPOMHOE KOJUYECTBO 3BE3]] OOBEAMHSET-
Csl B IpyMIIbl, 00pa3ysl CKOIUIEHUs! cpepruueckoil (popMbl, KOTOpbIE HA3bIBAIOT IlIa-
POBBIMHU 3BE3IHBIMU CKOIUIEHUsIMU. [IlapoBble CKOIIEHUS OTIMYAIOTCS OT pacce-
SHHBIX CKOIICHUH CBOMM XMMHYECKHM COCTaBOM. B dacTHOCTH, eciin TshKesble
JIEMEHTHI B CIEKTPAX PACCESHHBIX CKOIUIEHUH COCTaBIAOT 1-4%, TO B IapOBBIX
ckoruieHusix — Bcero 0,01-0,1%. D10 cBUIETENBCTBYET O TOM, YTO PACCESHHbBIE U
LIAPOBBIE CKOIUIEHHSI BO3HUKIIM B PA3JIMYHBIX YCIOBUSIX.

[[TapoBbie CKOIUICHHSI BBLACISIOTCS Ha (poHe 3BE3N Onmaromapsi OONBIIOMY KO-
JMYECTBY BXOJSIIMX B HHUX 3BE3A U cBoel chepuueckoit dopme. OHU UMEIOT
cpenuuii paguyc okono 40 nk. B namei ['anaktuke HacuuthiBaercst okoso 100
TaKUX CKOIUICHMH. B oTiIMume OT pacCesHHbBIX CKOIUIEHWM, KOHLICHTPALMs 11apo-
BBIX CKOIUICHHUH CHUJIBHO YBEJIIMYMBACTCS K LEHTPYy Hameu [‘amakrtuku. TunnyaHbin
IpeCTaBUTEb 3TOTO Kjlacca — MapoBoe cKomieHne M-13, pacnosioxeHHoe B CO-
3Be3quu lepkyneca. B Hém conepxkurcs okono 20 000 3Bé3a. OHO pacmoiIokeHO
Ha paccrostnuu 24 000 cBetoBbix JieT oT Conuua (puc. 105).
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TEMA 26.  § 58. luddy3Hbie u nbLIeBble TYMAHHOCTH

PaccmarpuBast ororpaduueckne CHUMKH 3BE3THOTO HeOa, MOKHO 3aMETHUTH
HEPaBHOMEPHOCTH pacrpeseneHus 38€31. [1aBHas mpuynHa TOro, 4To HEKOTOPhIE
3BE3/BI KAXKYTCS 3HAYUTEITFHO MEHEE SIPKUMH, — OOJIBIIIOE KOJIMYECTBO B 3THX 00-
JacTIX He0a KOCMHMYECKOM IBUIM, MOMIOIIAOINICH cBeT 3BE3M. Mexk3BE3AHOE IO-
IJIOMIEHUE CBETA OTKPhUT HaMHOTO Ooyiee 100 et TOMy Ha3aa M3BECTHBIM acTpo-
Hom B.A. Crpyse.

3amedarenbHbIMU MPUMEPAMH TMBUIEBBIX TYMAaHHOCTEH SIBIISIOTCS TEMHBIC TY-
MaHHOCTH: «Y2onbHblti Mewiok», KOTOPBIM mpoenupyeTcs Ha co3Be3nue FOxHOro
Kpecra, u «Kowuckas conosay», suaumast Ha ¢pone cozesaus Opuona (puc. 106).

TeMHast TYMaHHOCTh «YTOJIbHBIM MEIIOK» pacrlojiaraercsi OT HacC Ha paccro-
sHuM okosio 150 mk, e€ pa3mepsl OKoJo 8§ MK, YIIOBOW paauyc Oosbiie 3°, oHa
pacnonoxeHa BOmu3u Mieunoro Ilytu. [Ipu HaGmromeHun B TenecKom B €€ BH-
JUMBIX TPaHUIAX MOXXHO YBHUJETH cjaOble 3BE3/bI, KOTOPBIX B 3 pa3a MeEHbIIE,
YeM B COCEIHUX 00JIACTsIX C TaKOoM ke TUIoIaibto. M3 aToro cienyet, uto « Yronib-
HBIM MEIIOK», MOMIOoas U3TyYeHUE PACTIONOKEHHBIX 32 HUM 3BE3]l, YMEHbIIAET
€ro MHTEHCUBHOCTh MPUMEPHO B 3 pa3a, YTO COOTBETCTBYET OCIaOJICHHUIO CBETA,
BBIPOKEHHOMY B 3BE3IHBIX BennunHax Am=1,2". MHOXeCTBO TaKuX TEMHBIX TY-
MaHHOCTeH oOpasyeT B l'anakTHke HIMPOKYI0 TEMHYIO MOJIOCY, KOTOpas HauMHa-
ercst B co3esauu Jlebens u mpoxonut uepes co3Bezausi Opna, 3men, Crpenblia u
Cxopriona. CkpbiBasi OT HaOOAATENsI CBET
3BE37 B 3TOM oOnactu [amakTuku, oHa oOpa-
3yeT Oonblnyro pa3Buiky Mieunoro Ilytw.
Oco0eHHO TycTO# sBIsIeTCA dTa TEMHas TO-
Joca B HampaBJIeHUH LeHTpa ['amakTuku, 4To
OYEHb 3aTPyIHSET HAOIIONEHHE ITOTO Kpaii-
HE UHTEPECHOTO B HAyYHOM OTHOIIEHUH LIE€H-
TPaJBHOTO CryIIeHUs ["anakThKy.

Hugppysuvie 2asosvie mymannocmu. Ha
TEMHOM Oe37TyHHOM HeOe Jake HEBOOPYKEH-
HbIM TIJ1a30M MOXKHO 3aMETUTh CaMyl H3-
BECTHYIO 2a30Nbl1e8yI0 MYMAHHOCMb HA CO-
Puc. 106. 3namenuTas npuiesas 36e30uu  Opuona, pacTIHYBIIYIOCS OoJee
TYMAaHHOCTb «KoHcKkas rojoBay. yeM Ha 6 oK (puc. 100 MoxHO Ha6JHO[[aTB
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Puc. 107. T'azoBas TymanHocTh OproH Puc. 108. T'azoBas tymanHocTh Po3eTka
B co3Be3auu OpHoHa. B co3Be3auu Enunopora.

Takue ke razoBele TymMmaHHocTH: Omera, Jlaryna u TpéxpazaenbHas B cO3BE31UU
Cmpenvya, Cesepnas Amepuxa u Ileruxan — 6 cozee3duu Jlebeos, mymaHHocms
Poszemka — 6 cozsezouu Eounopoea v muorue npyrue (puc. 108). Takux 00bEKTOB
[Nanaktuke HacuuThiBaeTcst okojo 400. B crnekrpe 3TMX TyMaHHOCTEH BBIACNSAIOT-
cs uHuu Bojopona H, m Hp, nBaxasl monusoBanubele JuHuU Kuciopoga (OIII)
JUHUM a30Ta U JPYTHX SJIEMEHTOB, OOBEAMHEHHBIN CHEKTP BHUJIEH Ha TYCKJIOM
¢done. CuiibHOE yABTPA(UOIIETOBOE U3IYUEHHE TAKUX 3BE3[, MOIVIONIAsACH aTOMa-
MU ra3a Onu3nexalieid TYMAaHHOCTH, HOHU3UPYET HUX.

B nonn3oBaHHOM ra3e nmpoMCXOAAT TaKXKe MPOLIECCHl peKoMOuHayuu, T. €. BO3-
Bpara 3JEKTPOHOB B CBsI3aHHOE cocTosiHue. [Ipu 3TOM BMecTo nepBOHAYaIbHO MO-
IJIOIIEHHOTO KBAaHTA >KECTKOTO YABTPa(HOIETOBOTO M3IyUEHHUs aTOMbl TYMaHHO-
CTH M3JIy4aroT HECKOJIBKO KBAHTOB BUIMMBIX JIydeid. DTOT MpollecC HA3bIBACTCS
@nyopecyenyueti. B utore temneparypa TYMaHHOCTH YCTaHABIMBAETCSl HA OMpe-
nenéHHoM ypoBHe mopsiika 104 °C, uto monTBep)knaercs U HaOMIONEHUSIMU Te-
IUIOBOTO PAIMOU3ITYUYEHHUS] TYMaHHOCTH.

BOHPOCLI H 3aaHusA

. Kakoii yron cocTaBisioT MmiockocTe MIJIEYHOrO MyTH M INIOCKOCTh HEOSCHO
9KBaTopa?

. CKOJIBKO MPUMEPHO IIAPOBLIX CKOMJIEHUH 3BE3]1 B Hawlel [anakruke?

. B kakoii yactu 'anaktuku pacnonoxena ConaHeyHasi cucrema?
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4. Yto BBl 3HaETE O pa3Mepax U COCTABE IIAPOBBIX CKOTUICHUH 3BE3/17

5. Yem omn4aroTCsl pacCesHHbIE 3BE3AHBIE CKOIUIEHHS OT IAapPOBbIX?

6. Yem ommmuarorcst audQy3HbIe Ta30Bble TYMAHHOCTH OT MBUIEBBIX TYMaHHOCTEH
7. Yro sBisieTcst NpUUMHOM cBeueHUs U(Qy3HbIX TyMaHHOCTEH?

TEMA 27.  §59. BHenmiHuMe rajakTHKH.
Kuaccol ¥ clieKTpbl rajJIakTHK

B 20-e roasl npouuioro Beka mosBUIACh BO3MOXHOCTb OMPEAEICHUS pacCTOs-
HUA 10 TYMaHHOCTEW U CTaJl0 U3BECTHO, YTO HEKOTOPHIE U3 HUX — 3TO FaJIaKTHKU,
COCTOSIIME U3 MUJUIMOHOB 3BE3]1, JICKAIIIUX BHE HAIllCH | anakTUKH.

OpHa W3 TUTAaHTCKUX BHEUIHMX TajaKTUK, WM3BECTHAs KaK MYMAaHHOCHb
Anopomeonl, pacioNOKeHa 8 co3se30uu AHOpomeOdsbl U BUJHA B TEMHYIO O€3IIyH-
HYI0 HOYb Ja’K€ HEBOOPY>KEHHBIM IJIa30M B BUJIE CBETJIIOIO TYMaHHOTO MATHBIIIKA
(puc. 109). JlanHas ramakTUKa pacroyiokeHa OT HaC Ha PacCCTOSHUU 2 MIIH CBETO-
BBIX JICT.

["anakTuku MIUPOKO pacmpocTpaHeHbl B KocMoce. Jlpyras nmomoOHasi rajakTu-
Ka M3BeCTHa IoJ Ha3zBaHueM M-51. Paccrositnue no Hee — 1,8 MJIIH CBETOBBIX JIET.
B roxHOM TIonymapuu HeOecHOU cephbl pacroyioKeHbl OJU3KKHE K HaM TaJaKTHKA
HenpaBWIbHON (HopMbl — bonvuwoe u Manoe Mazcennanosvr Obnaxa.

B 3aBucHMOCTH OT pa3MepoB BHEIIHHE FaJaKTUKU MOTYT COCTOSITh U3 MUJUIH-
aplloB (TUTaHTCKHE TaIaKTUKU) U HECKOJIBKUX MUJUTMOHOB (KapJIMKOBBIE T'aJIaKTH-
KH) 3BE37. [ MraHTCKHUE rajJakTUKA MOTYT UMETh paauyc a0 50 ThICSY MK, cambie
MaJeHbKUE — 10 HECKOJIBKUX COTEH MapCeKOB.

XOTs 110 BHEITHEMY BUJYy TallaKTUKH BECbMa Pa3HOOOpa3HbI, UX MOXKHO pas-
OWTH B COOTBETCTBUU C Kiaccuukanuei, mpemiokeHHoi B 1925 . 3. Xad0mom,
Ha 3 kmacca: ammunmuueckue (E), cnupanvuvie (S) u nenpasunvhvie (uppayuo-
HavHoble — Irr).

Onnunmuueckue eanakmuxku (E) — 9T0 rajakTuku, BHEIIHUM BUIOM HAllOMH-
HAIOIIME AJUIMIICOM] WX Iap. XapakTepHOE CBOMCTBO ATUX TrajlakKTUK — PaBHO-
MEpHOE YMEHBIIEHUE SIPKOCTH MO Mepe yaaJeHus OT LIEHTpa K Kparo. BHyTpu
ATUX TaJaKTHK HE HAOMI0AaeTCsl HUKAKUX CTPYKTYPHBIX 3JIEMEHTOB.
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Puc. 109. TymanHocTh AHAPOMEBI
(M-31), pacnionokeHHasI B CO3BE3IUU
AHJPOME/TBI.

Puc. 110. CnupanbHas rajakTuka, BETBU
KOTOPOH BBIXOJIAT U3 MEPEMBIUKH.

Cnupanvusie eanakmuxu (S) 4pe3BbIYAHO IIMPOKO pacnpocTpaHeHb! Bo Bcee-
JIEHHOH, 10 KpalHel Mepe MOJIOBMHA HAOII0AaeMBbIX TrajJakTUK — CIUpaibHbie. B
OTIMYME OT JPYTUX TaJaKTUK, UX CTPYKTypa ONpEAeseTCs] HATMYUEM XapakTep-
HBIX CIMpajbHBIX BeTBeH. Haia rajaktuka u TyMaHHOCTh AHAPOMENBI — THUIINY-
HBIE TPEJCTABUTENN 3TOTO KJlacca rajakThK. Pa3nuuarorcs 1Ba THMa CUpaIbHBIX
rasaktuk. OHM U3 HUX MTOXOXKM Ha Hally TaJIakTUKY, 0003Hadaemyto S (i SA),
UX CHUPAJIbHBIE BETBU OTXOIAT HEMOCPEICTBEHHO OT SiApa rajakTUKU. Y Trajak-
TUK BTOPOro THIa, 0003HayaeMbIX SB, crupanbHble BETBM HAYMHAIOTCS OT KOH-
LIOB MPOJOJATOBaTON CTPYKTYpPbI MEPEMBIUKH, MEPECEKAIOIIEH AAPO M0 JUaMeTpy
(puc. 110).

[TpomexxyTouHbIE MEXKIy CIHUPAIbHBIMU M SJUTUNTHUYECKUMHU TaaKTUKaAMH —
9TO JTUH3000pa3HbIe rajtakTku (SO).

Henpasunvnvie canaxmuxu (Irr) He UMEIOT HAOIIOIAEMOTO SIIpa U CUMMETPUY-
HOM CTPYKTYyphl. B KauecTBe mpumepa TakMX TAJIAKTUK MOXXHO INPUBECTH boib-
woe Maeennanoso Obnaxko n Manoe Mazcennanoso Obnaxo. K HenmpaBUIbHBIM
OTHOCSITCSI W TaK Ha3bIBaeMble nexyiapHuvle eanakmuku (0COoOble), KOTOpbIE IO
BHELIHEMY BHUJY HEJIb3 OTHECTH HU K OTHOMY M3 PACCMOTPEHHBIX THIIOB.

BHemHuil BUJ TaJlaKTUKU CBS3aH C €€ BO3PACTOM, BOJIIOIUS TaJIaKTHK COOT-
BETCTBYET CTYIICHSM, N300paKeHHBIM Ha puc. 111.

Cnexmpul eanakmux. BHeranakTuyeckue TYMaHHOCTH OO0JIaJalOT CIIEKTPaMU,
HaIIOMUHAIOIIUMU CHEKTPHI 3BE3], yalle cnekTpaibHbIX kiaccoB A, F u G. UHo-
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DIIANTAYECKAE TATAKTUKN

!.o
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-
>

Puc. 111. OBomronus rajakTuk.

I7la Ha UX CIEKTPhI HAKJIABIBAIOTCS YIMUCCUOHHBIC JIMHUH, 3TO 03HAYAET, YTO BHE-
raJJaKTHYECKUE TYMAHHOCTH COCTOST U3 3BE311 U UG (y3HON MaTepuu.

CrexTpsl HEMpaBWIbHBIX TaJaKTUK OTHOCATCS K kiaccam A u F, crnmpanb-
HBIX — K KJ1accaM F u G, a smymntuyeckux — x kaaccam G u F.

[IpuHanIeXKHOCTh CHUPATIbHBIX U HENPABWIbHBIX TajlakKTUK K PAHHUM CHEK-
TPaJbHBIM KJIacCaM O3HAYaeT, YTO B UX COCTaBE UMEETCS MHOTO MOJIOJBIX U Irops-
yuX 3BE3]1, TOTNA KaK AJUIMNTUYECKUE TAIaKTUKU COCTOSIT U3 CTApbIX 3BE3] MO3[I-
HUX CIIEKTpalbHBIX KiIaccoB. [0 1IBETY raiakTUK MOKHO CYIUTb O CIIEKTPAJIbHBIX
KJIaccax, K KOTOPBHIM MPUHAIUICKUT OOJBITMHCTBO 3BE3]1 rajakTuku. L[Bera ramak-
TUK ¥ UX 9aCTEH OINpPENeNsIoT TEMHU K€ METOIaMH, UTO | JJis 3BE311. UTOOBI ompe-
JIEJIUTh PACCTOSIHUE JI0 TaJaKTUKU (7), CHayaia ONPEAeSIIOT CBETUMOCTh XOPOIIIO
W3YYCHHBIX 1een1, BXOIIIMX B COCTaB ATOW TaJAKTHKH MO COOTHOIIEHUIO TIe-
pHOJI-CBETUMOCTh, 3aT€M HA OCHOBAHHMM 3BE3JIHBIX BEIWYUH MOXKHO HAWTHU MO-
Iy7b pacctostHust m — M 1o gopmyie

lg r=0,2(m—M)+1.

Paccrosinue 10 oueHb HaN€KUX TrajJakTUK ONPENEIISIOT 110 BEJIMYMHE KPACHOTO
cMeIeHusl B ux crekrpe. Kpachoe cmewjenue (z) 0OBIYHO M3MEPSIETCSI OTHOCH-
TEJIbHBIM U3MEHEHUEM JIJIMHBI BOJIHBI CIIEKTPAJIbHBIX JTUHHI:
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Ecmm H — mocrostarast Xa66ma (70 km/c - Mrk), CKOpOCTh cBeTa (c), paccTosi-
HUE JI0 TAJTAKTUKA MOXKHO OTIPEICIUTH 10 (hopMmyIie:

ATk-csz,

§ 60. PaguorajiakTuku u KBazapsl *

Paguoranakruku. PamuonsnydeHue, Oonbplliee WM MEHbIIEE, — CBOHCTBO
MPAKTUYECKU BCEX TajlaKTUK. Y OOJBIIMHCTBA U3 HUX PAJMOU3IYYCHUE COCTaB-
JsieT HeOOJBITY 0 YacTh CBeYCHHsI. ECTh TallakKTUKY, MOIIHOCTh PaJHOU3TydCHUS
KOTOPBIX CpPaBHHMa C MOIIHOCTBIO MX M3JIYYEHUS B ONTHUYECKOM JHAla30HE HIIN
JaXKe B TBHICSYM, MAJUTHOHBI pa3 CHJIbHee. Takue TaJaKTHKW Ha3bIBAIOTCS pAOUO-
eanaxkmuxamy. OqHa U3 TaKUX MOIIHBIX PAJMOTAIAKTUK CBsI3aHA C MCTOYHUKOM
panuousnydeHus: B co3Be3auu JleGens, HaszpiBaeMmbiM Jlebenp A. Ompenense-
Moe 1o KpacHomy cmemenuto (z=0,057) paccrossHue 10 HEe PaBHO MPUMEPHO
200 Mnk. OnHa co3naHa U3 2 SIpKMX KOMIIOHEHTOB, YIAJIEHHBIX IPYT OT JIpyra Ha
paccrosinue 80 knk. Pannoranaktuka LlentaBp A ynanena ot Hawmed ['amaktuku
Ha paccrosiHue npuMepHo 4 Mnk. PaguousnydeHue paguoraiakTHK HE SIBISETCS
TEIUIOBBIM. BO3MOXKHO, 3TO OOBSACHSAETCS PE3KHUM TOPMOXKEHHUEM PEIIITUBHCTCKUX
(IBUTAIOLIUXCS CO CKOPOCTHIO, OJU3KOM K CKOPOCTH CBETA) AJIEKTPOHOB B MX Mar-
HUTHBIX TOJISAX.

KBa3zapbl. OueHb MOITHBIMH WCTOYHUKAMHU PATUOMIITYUCHUS SIBIISTFOTCS KBa-
3apbl, KOTOPbIC HAXOATCS BHE MpeaeiioB Hamieil ["anaktuku. [lepBoiii kBazap ObuI
oOHapyxeH B 1963 1. B co3Be3nuu [leBa. DT0 OBLI pacIiOIOKEHHBIN OIFKe BCEX
K 3emuie (~630 MiaH Mnk) momoOHbII 00BEKT, TOXMKH Ha 3Be31y 13-if 3BE3AHOM
BenuuuHbl. Ero o6o3naunnm kak 3C273 (Homep B Tperbem KemOpumxckoMm kara-
sore). MOIIHOCTE €ro U3Ny4eHus BO Bcex auama3onax — 104—1047 apr/c.

B TeueHme UIMTENBHOTO BPEMEHH HE YIaBaJIOCh MPOAHAIU3UPOBATh UX CIICK-
Tpbl. Y TOJNIBKO TIO KPAaCHOMY CMEIICHHUIO YIaJoCh OMPEACIUTh, YTO B CIIEKTPE
KBa3apoB HaOomaoTcst TuHUM Bogopozaa. [lo 3akony XabOma ymanock orpene-
JUTH paccTosiHue 10 Hux. OKa3anoch, YTO OHU YIAJICHBI OT Hamel [aJlakThuKu Ha

9—Acmponomus, 11 knacc 129



paccTOosIHUE B MUJUIMAPbl CBETOBBIX JIET. B HacTosIee Bpemsi MCCIEIOBAHO HE-
CKOJIKO COTE€H KBa3apoB, PacCTOSIHUE J0 OOJBIIMHCTBA M3 HUX Oonee 10 Musuim-
ap/ioB CBETOBBIX JIET.

BeI3biBaronas U3ymMIIeHHE MOIIHOCTh U3JIyYEHUsI KBa3apOB — UX CBETUMOCTD —
coorBercTBYeT 103—1040 BT. DTa CBETUMOCTH IPEBOCXOIAUT B COTHU MUJUIMAPAOB
pa3 CBETUMOCTbH 3BE3IHBIX CHUCTEM — rajlakThK. [loaTOMy KBazapbl cuMTarOTCs
CaMbIMHU 3araJJOYHbIMH KOCMHUYECKMMHU OObeKTaMu. Pacripenenenuem sHepruu B
CIIEKTpE, a MHOIJA U3MEHEHUEM ONTHYECKOrO M paJHOJMaIia3oHa KBa3apbl HaIo-
MHUHAIOT aKTUBHOE s/Ipo rajakTUK. [lo MHTEHCMBHOCTH M MIMPOTE (CKOPOCTH JI0
3000 xKM/C) SMHUCCHOHHBIX JIUHUHM B CIIEKTpax KBa3apoB OHM MOXOXKHU U Ha SAPO
ranaktuku Ceiidepra. [lo npeanonokeHussM y4€HBIX, KBa3apbl OTHOCSTCS K Ta-
JAKTUKaM, HAXOASIIMMCS Ha PAHHUX CTYIEHAX 3BOJIOLUU. BO3MOXKHO, BBICOKas
TeMIlepaTypa U CBETUMOCTb KBa3apOB OOBSICHSIOTCS I'PABUTAIMOHHBIM CHKaTHEM
00aKkoB raza ¢ Maccoi, paBHoW Musunapaam macc CorHIa.

Bonpocsl u 3aganust

1. Kakas BHelIHsAs rajakTika Obljla OTKpbITA EPBO?
. Kak onpenensiercst pacctosiHie 10 BHEITHUX TallaKTHUK?
. Kakne xmaccel BHEITHUX TalaKTHK BBl 3HaeTe?
. CBsi3aHbI M CHIEKTPHI TANIAKTUK C UX KiaccaMu?
. Kakwue ramakTvku Ha3bIBaIOTCS paguoraiakTUKamMu?
. B Kakux muama3oHax M3Iy4aroT OOJBIIYI0 MOIIHOCTh KBa3aphl?

TEMA 28.  § 61. Paciunpenune Beesiennoii. 3akon Xa00uaa *

PaccmarpuBast HeGo ¢ 3emun, HaOMOAass KpacHOE CMEIIEHHUE TallakKTUK C
pa3HbIX CTOPOH, HE CTOMT TOPOMMTHCS C BBIBOAOM O TOM, yTO Hamia ['amaktuka
pacrojiokeHa B LIEHTpe KocMmoca. ['MmoTeTudyeckuil HaOnofareiab, HaXo[sCh Ha
onpeeN€HHON BHEIIHEHW rajakTHUKe M paccMaTpuBas He0O, Toke Habmoaan Obl
KpPacHO€ CMEIIIEHUE BHEIIHUX TaJlaKTHK.

Ecnu npenmnonoxure, 4To B IPEBHOCTH KapTHHA PACIIUPEHMS TalakTHK ObLia
TaKOM K€, MO)KHO BBIUMCIUTH, KOTJIAa HAdaJics 3TOT MPOIECC. YUEHBbIE CUMUTAIOT,
yTo pacmupeHue BcenenHoit Havanock 15-20 mwumapnoB et Hazaa. Mute-
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pecHo, uTo eme B 1922—-1924 rony m3BecTHbIN pycCckuil yuéHbi A.A.Dpuaman,
OCHOBBIBasICh Ha OOIIEH TEOPHUH OTHOCUTENILHOCTH DHHIITEHHA OOHAPYXKHUII, YTO
MOJIeIb KOCMOCa HE CTallMOHApHA, TO €CTh HE MOCTOSHHA, a MOXET PaCUIUpPSTh-
csl M CKUMaTbesd. Uepe3 HEKOTOpoe BpeMs YUEHbIE HAIIUTH 3TOMY JJOKa3aTelIbCTBa.
[IpaBUIBHO MHTEPHPETUPYS ITOT IMPOLECC, MOXKHO MOHATH €ro BaXHOCTb. CBO-
OO/HBIM OT Pa3IUYHBIX TEOJIOTHYECKUX M HMICATMCTUYECKUX B3IVISIOB HAy4HO-
MaTepUaIMCTUYECKUI TOAXO0 K UCCIIEIOBAaHUAM IIPUPOJIbI paCUIMPEHUs KOCMOCa
MoKa3ajl, YTO PACIIUPEHUE MOXKET OBITh CJIEACTBHEM «OOJIBIIOTO B3PHIBAY.

Bo3HuKaeT BOIPOC: MOKHO JIM CETOJHS SKCIIEPUMEHTAIBHO MOATBEPAUTD I'U-
note3y «0ombiioro B3psiBay? B 1965 roay B 310i1 chepe ObuI0 caenano 0obIIoe
OTKpbITHE. M3BECTHO, YTO KOCMHMUYECKOE MPOCTPAHCTBO B JPEBHOCTH, KOIZA €ILE
He ObUIO HM 3BE3/, HU TaJaKTHK, HU TYMaHHOCTEH, ObIJI0O OOraTo 3JIeKTPOMArHuT-
HBIMH BOJIHAMH, KOTOPBIE CUYUTAIOTCS «IIOCIaMU» MEepUoJa pa3BUTHS. DTH BOJIHBI
Ha3bIBAIOTCS PETUKMOBbIM (OCmamounbim) uziyyenuem. He cexper, 4To B Bbllle-
YIOMSHYTOM PacCHIMPEHUH YYaCTBYIOT HE TOJIBKO T'aJIAKTUYECKHE CUCTEMBI, HO U
penuKkmosoe usnyyerue. AMEPUKAHCKHE AaCTPOHOMBI, KOTOpPbIE Hayalu H3y4yaTb
CJIE]] PEeIMKTOBOTO M3IYUYCHHS, JOCTATOYHO OBICTPO €0 OOHAPYKUIIH.

WuTepecHo, 94TO 10 3TOTO YYEHBIMU-ACTPO(U3UKAMHU YK€ OBIIIO TEOPETUIECKH
JI0OKa3aHO CYILECTBOBAaHME TaKMX BOJH. IIpennonoxkeHue o CynecTBOBaHUU TaKMX
BOJIH M 3aT€M HAXOXJICHHE MX B KOCMHUYECKOM IPOCTPAHCTBE — JIOKA3aTEIbCTBO
3HaHUU O MHpE W €ro 3aKoHaX. Matepusi, HabIromaeMasi B IpOIecce PaCIIHPEHHS
Meraranaktuk (BUAMMOM 4YacTu BceneHHoil), Bce BUIbl MU3MEHEHMSI KauyecTBa —
BCE MPOMUCXOANUT B paMKaxX 3aKOHA COXpPaHEHUS, U Ul OOBSICHEHHS IPOLIECCOB HET
HEOOXOIMMOCTH CCHUIAThCS HA YyleCHBIC CHiIbl. OTKPBITHE SBOJIIOLMU METaraiak-
TUKH CUUTAETCS BEJIMKUM JOCTHKEHUEM YEJIOBEYECKOW MBICIH. DTO JOCTUXKEHHE,
JEMOHCTPUPYS CIIOCOOHOCTH YEJIOBEUYECKOIO pasyma MPOHUKATh B OJU3KHE HEIpa
U B JaJIEKYIO0 APEBHOCTh BceneHHol, pazBeHunBaeT MU} 00 OrpaHUYEHHOCTH TO-
3HAHMS YEJIOBEKOM OKpy»karomero Mupa. CoBpeMeHHble IpeacTaBieHus o Bee-
JICHHOW OCHOBBIBAIOTCSl HE TOJIBKO HA €CTECTBEHHBIX HayKaxX, HO M HA JIOTMYECKHUX
u punocockux HAOTIOMEHUSAX 32 €T0 IBOJIIOIHCH.

JluHeiHast CBs3b HAWACHHOTO SMIIUPHYECKUM IyTeM Jiorapudma KpacHO-
ro CMEIEHUs] U BUIAUMBIX 3BE3HBIX BEJIMYMH TalakTUK — m va lgo, oTHoOlIEeHue

AL AL
lgo.=1g| c— |, mo vr:cT:Hr BUJIHA CBSI3b MEXAY T'aJIaKTUYECKHM PaccTo-

A
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SSHUEM W yJaJICHHEM, TJIe v, — JlyudeBas CKOPOCTh, ¢ — CKOPOCTh CBeTa, AL — Kpac-
HOE cMmeleHue, H — moctossHHas Xa00ia, 7 — pacCTOsSHUE J0 BHEUIHEH Trajiak-

THKH.

Bomnpocs! u 3axanus

S

HOM?

Kakast uacte Beenennoit HazpiBaeTcs MeTtaranakTukon?
Kaxoii nporiecc Bo Becenennolt Ha3biBaeTcsi KpaCHBIM CMeEIeHUEM ?
. B uém 3axmouanace uges A. @puamana u A. DiiHmTeiiHa o Mozenn Bceenen

4. YUto Bl MOHMMAETE O] BBIPAKEHHEM «PEIUKTOBOE H3NydueHue»? Jlis Kako
Mojienu BeenleHHOM OHO cTaia 0CHOBOM?
S. CBs3b Mex]ly KakKMMHU TapaMmeTpaMM, KacaloUMMUCs pacliupeHus BcerneHHO

OTpa’keHa B 3aKOoHax Xabbma?

TEMA 29.  § 62. PacnipenejieHHe rajJlakTUK B POCTPAHCTBe **

N3yuenne pacrpeneneHusi TajJakTUK B IMPOCTPAHCTBE IOJOOHO H3YYECHHIO
pacripenienienus 3B€31 B rajgakruke. O003HaYUM uepe3 Ny KOIMYECTBO TajlaKTHK
Ha OIpeesIEHHOM yuyacTke HeOGecHOM cgepbl (pa3mepom okojo 1 KBaapaTHO-

Puc. 112. BHelIHNE rajJakTUKH,

HaOTr01aeMbIe Ha OTHOCUTEIBHO
HEOOJIBIION TUIOIAIA HeOEeCHOM
cdepbl (HECKOJIBKO KB. TPayCcoB).
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ro rpajayca) U BHUIUMON 3BE3THONW BEIUYU-
HOM He Oombiie m. B 1934 romy D.Xa0o6um,
aHamm3upyst  ¢ororpadun  1283-ro yuacTka
Heba, claenmaHHbIE C TMOMOUIBIO pedrexTopa
C JMaMeTpoM 3epkaja 2,5 M, HacyuTald Ha
IJIOIIAAA B OJMH KBajpaTHbIM Tpaxyc 131
TraJakTUKy CO 3BE3JHOM BEJIMYHMHOW, HE
oospire 20 3BE3OHBIX BEIWYMH. Bes Hebec-
Has cdepa, TIOHIAAb KOTOPOWM COCTaBIsIET
41253 xBaApaTHBIX TpagycoB, OyleT, B TaAKOM
ciayvae, coxepxarb 5,4-10° ramaktuk. B
caMblif MOIIHBII TeIeCKOI MOXKHO HaOnroaaTh
00BEKTBI JIO0 24-i 3BE3THOM BEIWYUHBI, YTO
COOTBETCTBYET KOJIMYECTBY TallakTUK B 1,4
Musumapaa (puc. 112).



Hama l'anaktuka, Tymannocts Anapomenst (M-31), ramaktuka co3Be3ust
Tpeyronsauk (M-33), bonbsimoe u Manoe MaremianoBbl o0naka U €11e HECKOIbKO
(Bcero mpuMepHO OKOJIO 35) 00pa3yroT Mecmmuyro epynny 2aiaKkmux.

NsBectHo npumepHo 4000 mecTHBIX Tpynn Takoro Buma. MXx cpenHue
pasMepsl okosio 8§ Mnk. OIHO W3 KPYNHBIX TalJaKTUYECKUX CKOIUIEHUH Mpo-
enupyercst Ha co3ezaue Bonocsl Beponuku. B atom ckomnenuun oxono 40 000
ONMU3KUX TaJlaKTUK, HAXOJIUTCA OHO OT Hac Ha pacctosHuu 70 Mrc, yrioBoi aua-
MeTp 12°. bawxkailmas K Halleld MECTHOM CHCTEME IPYIA TAIAKTUK HAXOIUTCS
B co3Be3uu JleBbl Ha paccTosHuu 12 Mnk. B Helt 7 TUTaHTCKUX TallakTHK (O7HA
U3 HUX — paauoranaktuka /[eBa A) u 10 ciupanbHBIX rajJakTUK. DTH TUTAHTCKUE
raJIaKTUKH, BO3MOXKHO, SIBJISIFOTCSI CBEpXTajaKTHKaMH, 3aKJIIOYAIOIUMU B cebe
HECKOJIbKO MECTHBIX TPYII TajakTHUK (B TOM YHCJIE€ M HAIly MECTHYIO TPYIITY
rajgakTuk). Jlmamerp Takux cBepxraigakTuk pocturaet 40 Mnk. Ha ceromnsmramit
JIeHb B pe3yJibTare HaONIOJIEHUH C MOMOIIBIO CBEPXMOUIHBIX TEJIECKONOB Yra-
J0ch 00HapykuTh 10 50 MoMOOHBIX cBepXrajdakTUK. Bugumas yacte Beenennoid,
COCTOSILIAs U3 CBEPXTaJaKTUK, HAa3bIBACTCA MEemacaniakmukou.

Bomnpocsl u 3aganust

1. Yro BEI 3HaeTe 0 Hamiell ['amakTuke?
. Kakne emé ramakTuky BXOIAT B COCTaB HaIllel MeCTHOM | amakThkn?
. Kakoii cucreMoi rajlakTUK CUMTAIOTCS CBEPXTAIAKTHKH ?
. Kakas wacte BceneHHO# Ha3bpIBaeTCS METaraTaKTHKOM ?
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YACTH 11
JIEMEHTBI KOCMOHABTHUKH **

TEMA 30.  § 63. IIpeamMeT KOCMOHABTHKH U €€ CBA3b
¢ IPYrHMHU HayKaM#

CnoBO «KOCMOHABTHKa» OOpPa30BaHO OT JABYX I'PEYECKUX CIOB — «KOCMOCH
(cTpoii, mopsanok, Mup, Beenennas) u «waymuxey» (MOperuiaBaHue, UICKyCCTBO KO-
pabneBokenus). KocMoHaBTHKa HampaBieHa Ha U3y4YeHHE KOCMHYECKOrOo Ipo-
CTpaHCTBa U OOBEKTOB BHE 3E€MJIM C TIOMOIIBIO PAKET M KOCMHYECKHX arlaparoB
(KA). B ocHOBE KOCMOHABTHKHU JIKUT HayKa, OObEIUHSIONIAs HayYHO-TEXHHUYe-
CKHE€ MCCIIEZI0BAHUS U MCIOIb30BAHUE KOCMHUYECKOTO IIPOCTPAHCTBA C MOMOUIBIO
KOCMHUYECKHUX IOJIETOB M pakeTHoW TexHWKH. KocMuyeckue anmmaparsl — 3TO HE
TOJILKO CPE/ICTBO INEPEIBMKEHUS, HO U HOBelIee 000pya0BaHUE Ul UCCIIEA0Ba-
HUSl KOCMOCA.

Kocmonasmuxa ocnosvisaemcs na yenom psioe HAYYHbIX U MEXHUYEeCKUX Ouc-
YUNIUH U MECHO C6A3aHA C eCMEeCMEEeHHbIMU HAYKAMU: ACmMpPOHOMUeEl, DUIUKOL,
xumuet, ouonocuei u mamemamuxou. IIpu co3naHun KOCMUYECKOW paKeThl yue-
HbIE€ HUCIOJIb30BAIM JOCTHKEHHUS TEXHHYECKHX HayK. MaTeMaTHueCKHe PacyeTbl
TOTO, KaK JIOCTHYb KOCMHUYECKHM armaparaM ONpeAeIeHHOr0 HeOeCHOTro 00BbEeKTa,
WIM UX JBUKCHHS IO OMpPE/IeJICHHON TPACKTOPUHU OCYLIECTBISIOTCS HAayYHO-TEX-
HUYECKHMMH PaOOTHUKAMH Ha OCHOBE 3HAHUH ¢husuku, acmpownomuu u mamema-
muxu. 3HaAHUSI aCTPOHOMOB OTHOCHTEIIFHO TaKHX IapaMeTpOB OpOUT HEOECHBIX
TeJ, KaK pPacCTOsHUE, pa3Mepbl, Macca U Jip. (ocodeHHO B mpenenax ConHe4yHOM
CUCTEMBI) OYCHb MPUTOAATCS B OCYIICCTBICHUU TOJIETOB KOCMHYECKUX ammapa-
TOB B OKOJIO3€MHOM U MEXKIUIAHETHOM IPOCTPAHCTRBE.

He BBISICHUB IpeaBapUTENIbHO IIOTHOCTh 3€MHOI arMocdepbl, TeMIepaTyphbl,
MarHuToc(epsl ¥ pauaOHHBIX TIOSICOB, HU OJUH CITyTHHK HE BBIBOJIST B OKOJIO-
3eMHO€ MpOCTpaHCTBO. be3 3HaHuil o ¢usnyeckoit npupone JIyHbl Henb3s ObLIO-
OBl OTIIPABUTH HA HEE KOCMUYECKHUE aIIaparhl.

KocmonaBTka BHOCUT OOJBIION BKJIaX B pa3BUTUU acTpoHoMuHU. Kocmu-
YeCKHe ammaparbl U CTaHIUHU MO3BOJMIN HCCIIEOBAaTh HEOECHbIE Tella U UX CH-
CTeMBbI B ONTHYECKMX M HEBUIMMBIX B3IVISAY Jiydax (yiabTpadHOIeTOBBIX, WH-
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paKpacHbIX, PEHTIC€HOBCKMX M paJuoiyyax), U 3a TOCIEAHHE AECATHIICTUs
3HAYUTENIbHO 000TaTUIIM HAILIM 3HAHUSI OTHOCUTENIBHO UX MPUPOIBIL.

ITpu pa3paboTke KOHCTPYKIMHA KOCMUYECKUX almaparoB, MPH WX YHpPaBICHUU
y4€HbIC U MHKEHEPBI-TEXHUKHU ONUPAOMcs Ha 3aKOHbl (husuxu. JI7s BHITIOTHEHUS
3a/1a4 MpU CO3JaHUM MOIIHBIX JBUrATEICH PAKET, PAKETHON TEXHUKH BBIIOIHSIIOT-
csl GyHIaMEHTaJIbHbIC UCCIIEIOBAHMUS.

KocmoHaBTHKa TeCHO CBsi3aHa U € Xxumuetl. B 4acTHOCTH, BbICOKHE TpeOoBa-
HUSl MPEABIBIAIOTCS K YCTOMYMBOCTH MAaTepHalIOB, HUCIOJIB3YEMBIX B KOCMHUYE-
CKOM TEXHHKEe, CTPYKTYpE pakeTbl, K COCTaBy TOpIoUMX cpeiacTB. HeoOxomnmer
YCTOWYMBBIE K BBICOKOM TemIieparype, 0co00 MpouHble MaTepuaibl. B TexHomo-
UM TOJyYEHHUs TOIUIMBA JJIsl paKeT OTPOMHYIO POJIb UTPAIOT PE3YNbTaThl XUMUYE-
CKUX HCCIIEIOBAHHUMN.

HccnenoBanusi B KOCMOHABTUKE HENb3sl MPOBOIUTEL 0€3 3HAHUS MamemMamuKy.
[Ipu co3nanun xkoHcTpykuuii KA M ynpaBlieHUH UX JBUKEHHEM B KOCMHUYECKOM
IPOCTPAHCTBE YYEHBIM U KOHCTPYKTOpaM MPHUXOAAT HA MOMOILb CIIOKHBIE MaTe-
MaTU4ecKue BbluMCIeHMs. Hu onHONM onepanuu B KOCMOHABTHKE HEBO3MOXKHO
OCYIIECTBHUTH 0€3 TeX WJIM MHBIX MAaTeMaTHYECKUX PacuéToB.

B mocnennue rogpl yueHble 3alIAaHUPOBAIHN M OCYIIECTBHIIM HECKOIBKO OUO-
JI02UYeCcKUX SKCIIEPUMEHTOB B KOCMOHABTUKE. BbIIO MPOBENEHO MHOXKECTBO JKC-
NEPUMEHTOB B pPa3JIUYHbIX KOCMHUYECKUX YCIOBUSAX (HEBECOMOCTH, BaKyyMe,
NOBBIIIEHHOW pajvalvy U JIp.) U ONPEAENICHO UX BIMSIHHE HA YEIOBEUECKUU Op-
TaHU3M.

OTOM KOCMOHABTHMKM, OCHOBaTesneM €€ kKak Hayku npuszHan K.O.{uonkos-
ckuii. OH TepBBIM BBIUUCINI (HOPMYITy CKOPOCTH JBM)KEHHUSI pakeTbl. Paccumnras
JBUKEHHUE PAKETHI, OH ONPEIEIINI BO3MOKHOCTb TOCTHKEHHsI PAKETON KOCMUYEC-
KOM CKOPOCTH, BBIUHCIHII, YTO C 3TOW CKOPOCTBbIO paKkeTa CMOXKET MPEeo/oJIeTh
NpUTSHKEHHE 3eMJIM M BBIUTH Ha OpPOUTY MCKYyCCTBEHHOTO CIYTHHKA, JaXe JI0-
cTU4b JIyHBI U COBEPIIATh MEXKIUIAHETHBIE TOJIETHI.

B 20-30 romax XX Beka rpynmna y4€HbIX Hadaja MNPOECKTUPOBAHME U HCIIbI-
TaHue paketHoro jsurarens. B 1921 rony B OpiBiieM CCCP no npemyiokeHutro
H.1. TuxomupoBa Hauaja paboTy saboparopust 1o pazpaboTKe pakeT Ha Oe3bIM-
HOM TIopoxe. B mocneayromue rojsl 3ta saboparopust Obuta pacimpena, u ¢ 1928
roma crtayia HasbeiBaThes [ azommHammyeckoi madoparopueit (I'JJI). 3necy omnu-
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Mu u3 nepBbix ucciaenonareneit O6pimu b.C. IletpomasnoBckuit, [.9. Jlanremaxk,
B.I' I'mymko u ap.

OrpoMHyI0 posib B Pa3BUTUU PAKETOCTPOEHUS ChIrpajia TpyIa Mo H3yye-
Huto peaktuBHoro asurarens (I'MP/). PykoBomutenem I'MP/la Obln Ha3zHaueH
C.I1.Kopones. B I'IP/le pabGoranu Takue BHUAHBIE yYEHbIE M WH)KEHEPBI, Kak
B.I1. Betunnkun, @.A. [{angep, M.K. Tuxonpasos, K.A.Ilo6enonocnes, H.A. Pvi-
HuH, f.W.Ilepensman u ap.

Ilepsyo paxemy mna owcuoxom monauge «I'MPI-09» 3anyctunu 17 aBrycra
1933 roga B mommockoBHOW jaepeBHe Haxabwnuo. B 1957 romy 3aBepmuiuch
CJIOKHBIE pa0OTHI MO CTPOUTETBCTBY MHJIOTHPYEMON pakeThl. DTy pabOTy BBIMOJ-
HuM miaBHbIA KoHCTpykTop C.II. Koponée m ocHOBaTenb COBPEMEHHOH Teopuu
kocmoHaBTuku M.B. Kengpim.

B pesynbrare atux pabot 4 okra0ps 1957 roga ¢ kocmoapoma baiikonyp Obu1
3aIylIeH NepBbld UCKYCCTBEHHBIN CITyTHUK 3EMIIH.

C 1959 rona Jlyna — ecTecTBEeHHBIM CIyTHUK 3€MJIM — CTajla LEJIbI0 KOCMHUYe-
ckux anmaparoB. B 1969 rony ameprkaHCKHEe KOCMOHABTHI COBEPIIMIIA TOCAIKY
Ha Jlyny Ha KA «Anomnon 11», UCIOJTHUB MHOTOBEKOBYIO MEUTY YEJIOBEYECTBA.
C 1960-x romoB MexruraneTHble apromarndeckue craHiuu (MAC) ObiBie-
ro CCCP cranu akTUBHO HW3ydaTh IUIAHETHl 3eMHOro Tuma (cHauana Benepy,
Mapc, 3arem u Mepkypuii). B 1972—73 rogax no nporpamme «bonbiion Typ» B
CIIIA Havanoch M3y4yeHHE IUIAHET-TUTaHTOB ¢ noMolbio MAC. 3anylieHHbIl B
1977 rony MAC «Bosimxep-2» noctur Henryna B 1989 rony.

Kocmonasmuxa na cnyoscbe uenogeuecmea. JlesiTeNbHOCTh 4YEIOBEUECTBA IO
OCBOEHHMIO KOCMOCA CO3/1a€T MHOT'O BO3MOXKHOCTEH JJIs1 U3YyUEHUs I€0JIOTNYECKUX
OorarcTB, MPUPOABI U KIUMara Haied TutaHeThl 3emisi. YenoBedecTBO, YBUICB
3eMiTt0 U3 KOCMOCa, 0CO3HAJIO0, HACKOJBKO Hallla MJIaHeTa Maja, YHUKalbHA U Kpa-
cuBa. Bmecre ¢ TeM cTano BUIHO, KaKyl0 yrpo3y JUlsl YEJIOBEUYECTBA MPEACTABIIA-
IOT SKOJIOTUYECKUE, YHEPTETHUECKUE U JeMOorpapuIecKue mpoOieMbl.

B yacTHOCTH, IPOEKTHI KOCMUYECKUX COOPY)KEHUU C II€JIbI0 MCIIOJIb30BAHUS
sreprun CoJHIA ISl TPEJOTBPALICHHS YHEPTETHUECKON KaracTpodbl Ha 3emIe,
«OCBOEHHUE» 30HBI BOKPYT 3eMJIM JIJISl TIPEIOTBpAIleHUs JeMorpaguuecKoi Kara-
cTpo(dbI — 3a7]a4M KOCMOHABTUKH.
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[ToMumo »3TOro, HaOMIOAEHHE M3 KOCMOCA 3a COCTOSHUEM OHOJIOIMYECKOH
ctepsl 3emiu, 3a MPUPOTHBIMU PECYpPCaMH, TEPPUTOPHSIMH JIECOB U CEIBCKUX
XO3SHCTB M OIpENeIeHNe Y4YacTKOB Ui T'€0JIOT0-pa3BElIOUHBIX pPAabOT Takke
CUMTAIOTCS BAXKHEMIIMMU 3aJa4aMl KOCMOHABTHKU. B HacTOSAIMII MOMEHT KOC-
MOHABTHKA IUIAHUPYET BBIHECTH 3a NPEIEIbl IUIAHETHI YBEJIMYMBAKOLIEECH KO-
JMYECTBO HerepepadbaThiBaeMbIX BPEIHBIX M PAJUOAKTUBHBIX OTXOMIOB. Takxke
B Omkaillline NecSTUIETHS TUIAHUPYETCS CTPOMTENIHCTBO B KOCMOCE KPYITHBIX
DHEPIeTUUYECKUX COOPYKEHUH, pa3MELIEHNE KOMIUIEKCOB JUIs ITPOU3BOJACTBA Chl-
PBEBBIX PECYPCOB.

[IpeBpaienue Onukaiiiero kocMoca B TEPPUTOPHIO, CIYKAIIyH 4YeJIOBEde-
CTBY, DKOJIOIM3alUs KOCMOCA JJI CHACEHUS YEJIOBEYECTBA OT BO3MOXKHOIO IVIO-
0anbHOTO HKOJIOTMYECKOTO KPU3UCa — OJTHA M3 BAKHEUIIHNX 33]1a4 KOCMOHABTUKH.

[Tomumo 3TOTO, B HAcTOsIIIEE BpeMsi Ha OPOUTAIBHBIX CTAHIUAX, B YCIOBUSIX
BaKyyMa, IIPOBOJUTCS MHOXKECTBO OIIBITOB IO BBIPAIMBAHUIO PEAKUX KPUCTAJI-
JIOB, ITOJIYYEHHUIO CIUIABOB YUCTBHIX METAJIJIOB, HOBBIX CIJIABOB BBICOKOTO Ka4eCTBA
Y YHMCTHIX JIEKAPCTBEHHBIX IIPENapaToB.

B KOCMOHaBTHKE MIAHUPYIOTCS KPYIHBIE IPOEKTHI IO UCIIOJIB30BAHUIO PECYD-
coB JIyHBI ¥ HEKOTOPBIX aCTEPOHIOB. YUEHBIE BCEro MHpa OOCYXKTAIOT MPOEKTHI
JYHHBIX CTaHLIUH, I7I€ CMOIIU ObI )KUTh U PabOTaTh JIFOAH.

T'oTroBsATCS IPOEKTHI CO3MaHUS KPYIIHBIX dHEPIETUUECKUX COOPYKEHUH B OKO-
JI03€MHOM IPOCTPAHCTBE, Hampumep, «padbpuku CoiHIa» Mpecieayronue Bax-
HYI0 TYMaHUTapHYIO ILI€JIb — CIIACEHUE YEJIOBEYECTBA OT DHEPIreTUYECKOW Kara-
cTpo(dBI.

BOl'[pOCI)I H 3aJaHusA

1. Yro n3yuyaer KOCMOHaBTHKA?

. UTo BBHI 3HaeTEe O CBSA3M KOCMOHABTHKH C JIPYTMMHU HayKaMH — (DU3HUKOW, TEXH
KO, acTpoHOMHUEN?

. Pacckaxure 00 y4eHBIX, BHECIINX CBOHM BKJIAJ B Pa3BUTHE KOCMOHABTUKH, U
JESITeTbHOCTH.

. Pacckaxxure o nedarenpHoctu opranuzaropos I'/1JI u ['UP/I.

. Korzma na opOuty ObUT 3amyIieH NepBblil HCKyCCTBEHHBIN CITyTHUK?

. Kakoe mecTo B pa3BuTHM Halleil IIUBUIN3AMY 3aHUMAaeT KOCMOHABTHKA?
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TEMA 31.  § 64. 3aK0oHBI PAKeTHOIO IBHKCHUS.
Cuna Tru pakersl

3aKOHBI PAKETHOTO JBUKEHMS COCTABISIOT OCHOBY TEOPUH KOCMHUYECKOIO I10-
néra. KocMonaBTiKa paboTaeT ¢ pa3iWYHBIMU PAKETHBIMU JIBUTATEIbHBIMHU CH-
CTeMaMH, OCHOBAaHHBIMU Ha MCIOJb30BaHUU Pa3IMYHBIX BUJIOB 3HEpruu. Bo Bcex
ClIy4asiX pakeTHBIN JIBUraTellb BbIOpAChIBACT ONpEACNIEHHYI0 Maccy (Ha3bIBaEMYIO
«pabounM Tenom») U3 pakeTsl HapyKy. Ha BeIOpacbiBaeMyl0 Maccy cO CTOPOHBI
pakeTsl AeUCTBYeT ompenenénHas cuna (puc. 113). CormacHO OCHOBHOMY 3aKOHY
MEXaHUKH O PaBEHCTBE IECUCTBUSA M IIPOTUBOACHCTBHUS, TAKAsA KE CHJIA IEUCTBYET
CO CTOPOHBI MacChl Ha pakeTy. OTa Cujia, IPUBOJAIIAS PAKETy B JIBUKCHHE, HA3bI-
BAETCS CUNOU MAU.

Cuna Tru npornopuuoHagbHa KOJIMYECTBY BBIOPACBIBAEMOTO «pabovyero Tesa
B €IUHUIy BPEMEHU U CKOPOCTH BBIOPACHIBAEMOM MacChl:

F=qo, (1

IJ€ ¢ — KOJIMYECBO MAcCChl, pacxoiyeMasi B €UHHILY BpeMeHH (Kr/c) (CeKyHIHBIN
pacxofl Macchl), ® — CKOPOCTh OTOpPACcHIBAEMOW MAacChl IO OTHOIICHUIO K PakKeTe
(B M/c), F — cuna Tsru (Bbipaxkaetcs B HproTOoHaX).

a) 0) Tonosnon A
obTexarens ® Lo

ctynep 3 C

JIBUTATEIN Ood
TyTeHb | ﬁ R\

paKeTsI &

0JIOKOB
CTyMEHU

Puc. 113. a) BHemIHUIN BUJI KOCMUYECKOTO KOpaliisi, 6) KOCMHUECKHH KOpabib B MOJIETE.
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[Ipeobpazyem dopmymny (1), pa3nenuB U yMHOXHB €€ TIpaByIO 4acTh Ha yCKO-
peHre cBOOOIHOTO IMaJICHHs Ha MOBEPXHOCTH 3emian g=9,8 m/c2:

(O]
F=oq=""gq wm F=lgq @)

(O}

1€ BBIPAKCHUC Iy;[: Ha3bIBACTCA YACJIbHBIM HUMITYJIBCOM, €TI0 BCJIMYHUHBI W3-

MEpSIIOTCSL B T.€. B CeKyHAax (C), g — 6ec080ll CeKYHOHbI pAcx00, W3-

b
m/c?

MepseMblii B~ cuma F ompenensercs B Kr/c. YIENbHBIH HMIYIEC — 3TO
c

KOJTMYECTBO KMJIOTPAMMOB (KI/C) TATH, BOSHHKAIOIIEH MPH PACXOJE OIHOTO KHUJIO-
rpaMMa (Kr/c) Beca paboyero teja B CEKyHAY. YAEIbHBIM UMITYJIbC U3MEPSIOT B
KI'

Kr/c
MepeHHe B JPYTrUX BENMYMHAX, OyIeT NpPOIMOPIMOHAICH CKOPOCTH pabodero

TeNa ®, OCKOJIBKY CKOPOCTh (® OTIIMYAeTCs OT Iy, HEM3MEHHBIM KO3 UIIMEeHTOM
g=9.8 M/c? —w=g"I,.

OcTaHOBHUMCS Ha OTAETBHBIX TEXHUYECKUX BEINYNHAX PAKET.

M3BecTHO, 4TO Ha pakKeTy, MOMUMO CHJIBI TATH, ICHCTBYIOT €Ile M ApYyrHe
CHJIBI — CHJIBI MPHUTSHKEHUSI 3eMIIM U JPYTHX HEOSCHBIX TEN, CONPOTHBICHUE aT-
Mocdepbl, cBeToBoe AaBieHHe U T.J. Ho Hac ceifuyac MHTEpecyeT yCKOPEHUE OT
CHJIBI TATH — d, WIM PeakTUBHOE yckopeHue. COrmacHO BTOpPOMY 3aKOHY Mexa-
HUKH,

, T.€., B CeKyH1ax. [oBops uHaue, /[y, yAEIbHBI UMIYJIbC, HECMOTPs Ha W3-

ap=—, (3)
m
rae [ — BelIn4uHa CHUJIbl TATH, M — MAacca PakeThl WIM KOCMUYECKOTO amnmnapara B
HEKOTOPBIII MOMEHT BPEMEHH, KOTOpas 10 Mepe pacxojaa pabouero Tena, yMeHb-
IAeTCH, apy peakmugsroe yckopenue. I103ToMy, OCHOBHOM XapaKTEPUCTUKON pake-
ThI SBIIIETCS HauyaJbHOE PEAKTUBHOE YCKOPEHHE, COO0IaeMoe CHIION TATH (/1)) B
MOMEHT HayaJla JBUKECHMUS:
F
o = —, 4)

m,

I7Ie Mo — HaYaJlbHast Macca pakeTbl. HayanpbHOE peakTHBHOE YCKOPEHUE PAaKeThl —
3TO TO YCKOPEHHE, KOTOPOE BO3HHKIIO ObI, €CIIM ObI Ha paKkeTy HE ACHCTBOBAIU OBl
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HUKAaKWE CHUJIbI, KpDOME CHJIBI TSTH, €CIM Obl OHA, 10 BeIpakeHuto K.O. [{nonkos-
CKOTO, ObLJIa OBI B «CBOOOTHOMY MPOCTPAHCTBE.

Ecnm Mbl 3amycTuM aBUTaTENh paKeThl, MOMEIIEHHONW B CBOOOTHOE MPOCTPAH-
CTBO, IBUTATEJb CO3/IACT TATY, paKkeTa MOJYUYUT OINpeaeEHHOEe YCKOPEHUE U Hay-
HET IBUTATHCSA MO MPSIMOU JIMHHUH.

CKopocTh pakeThl K MOMEHTY, Korna e€ HadajbHas Macca m, yMEHbBIIUTCS 10
MAacCChI M1, MOYKHO OIpeneauTh 1o Gopmyse LlrnoakoBckoro:

v=0 In 20=230259 o 1g T, (5)

m m

K K

IJ€ @ — CKOPOCTh UCTEUCHUS TOTUTMBHBIX CPEJCTB, M OHA CYMTACTCS HEU3MEHHOM.
CxkopocTb, HaiienHas 1o ¢opmyne L[nOIKOBCKOTO, XapaKTepu3yeT dHEpreThye-
CKHE PEeCypChl PAKeThl U Ha3bIBACTCA UOEANbHOU XapaKmepusyloujeti CKoOpocmbio.
[TosToMy MoxHO (5) 3anucarhb Tak:

gle

My_ o

- s (6)

m](
3necy e=2,71828 cocTaBiseT OCHOBaHWE HATypalbHBIX Jorapupmon. Mpeans-
Hasi CKOPOCTBIO V CBs3aHAa C @ — CKOPOCTHIO MCTEUEHUS TOILTUBHBIX CPEICTB H

m
Z=—O, Ha3bIBACMBIM YUC/IOM UMOJZK06CK020.
m

K

Bomnpoce! n 3aganus

. C yem cBs13aHa cWIIa TATH PaKeThl?

. Yrto Takoe yienbHbIN UMITYIbC?

. Kakoili BenrunHOM, XapakTepu3yollel CUly TATH PAKEThbl, CUUTACTCS YIEIbH
HUMITYJIbC?

. Kakne xapakreprCTUKHM IBIKEHHS PAaKeThl MOXXHO OMNPEACTUTh C MOMOII
hopmyisl [{uomkosckoro?

. Kakas ckopocTh pakeTbl Ha3bIBa€TCs UI€ATIbHON?

. YUrto Ha3bIBaeTcs ynciaoM L{nonkoBckoro?
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TEMA 32.  § 65. CTpykTypa 1 KOHCTPYKTHBHbIE
XapPaKTEePUCTHKHU PAKEThI

Cynsa no dopmyne [{HOTKOBCKOTO, OCHOBHOW XapaKTEpHU3YIONIeH BEIMUYUHON
PaKeThl SABJISIETCSI COOTHOIIEHUE €€ HavyaJlbHOM M KOHEUYHOW Macchl. Jlo moctu-
KEHHUSI paKeTOM HE0OXOTUMOM CKOPOCTH BCIO HAYAJIBHYIO MAacCy PaKeThl MOXHO

pasznenuTh Ha 2 4yacTu: 1) macca pabodero Tenma, 2) KOHEUHAs Macca My (puc.

my
114). YkazanHoe B mpefbiaymieM mnaparpade uncino [{nomkoBckoro BMECTE C
m

K

YKCIIOM CKOPOCTH HCTEUEHUS PAKETHOIO TOIJIMBA M3 COINEN (), IIOMOIaeT OIpe-
JIEJIUTh U, CKOPOCTbh, JOCTHKUMYIO PAKETOM.

«Cyxas» Macca pakeTbl COCTOMT U3 MacChl KOHCTPYKLUH Moy U TIOJE3HOU
Macchl my. B Maccy KOHCTPYKLHH, TOMHUMO MAacChl CaMOil KOHCTPYKIMH, BXOJIUT
Macca BCeX €€ arperaroB, JBUTAaTEIbHBIX CUCTEM, CUCTEM YMPABICHUS U CUCTEM
CBSI3M U HABUTallMU. B mone3Hyro mMaccy BXOAMT Macca HaydyHOM anmaparypel, pa-
JUOTEJIEMETPUUYECKUX CHUCTEM, YacTel, BBIHOCSIINX arnmapar Ha OpOUTy U CUCTEM
XKu3HeoOecnedeHns dKkumnaxa. OTHOIIEHHEe CyMMapHOW MacChl KOHCTPYKLIUHU H
pabouero Tena K Macce KOHCTPYKLIMU HA3bIBACTCA KOHCMPYKMUBHOU XapaKmepuc-
mukou 1 0003Ha4YaeTcs s:

Jlnst 1000 pakeTsl z <, U JJaxe eCIu

CyMETh pa3MeCTUTh MaKCUMyM paboue- S N
. . [Monesnas 31 S
ro Teiaa B MUHUMAJIBHOW IO Macce KOH- g o
S99 Harpyska g
CTPYKILIMU PAKETE, TO OCTAETCS OAUH IIyTh ;} é EE =
e s | - <
YBEIMYEHHs CKOPOCTU PaKeThl — YBEIU-  [A=— :Zg\ Ko QD:; ) T

= CTpYyKI A
YeHHE YMCJIa Z IOCPEJCTBOM yMeHblle- [ ? by g §
. 7 21  Pabouee s
HUsl TI0JIE3HOM Harpys3ku my,. Ilpu mom- = reno J T
A——— —4 TCI

HOM OTKa3€ OT MOJIE3HON Harpy3KkH, Korjaa
m,=0, Torna s =z. be3zycioBHO, Ipu Mpo-
EKTUPOBAaHUM KOHCTPYKLUHU PAKEThl y4u-

. Puc. 114. CtpyKkTypHas cXema paKeThl.
TBIBAETCs Macca IOJIE3HON HArPYy3KHU.
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m
0 o o o
Benuunna P =7 HA3BIBACTCA OmMHOCUMENbHOU HAYAIbHOU MACCOU. O6paTHa$1
m

n
o 1 . . .
€U BCJIMYMHA — HA3bIBACTCA OMHOCUMENbHOU NONAE3HOU HACPY3KOU NI K09¢qb1/l-

p
yuenmom mone3Hoi Harpysku. [loacrasmsst 3nayenue (1), momyyaem COOTHOIIIe-

HHUC MCIXKAY S, Z U p, 3aTCM 3HAYCHUC Z U p.

§ 66. Cuubl, geiicTByOIIME HA KOCMUYECKHH anmapar
BO BpeMms MoJjieTa

1. OnHOM U3 caMbIX BaXXHBIX MPUPOIHBIX cUi, AeicTByronmx Ha KA Bo Bpems
ero mnojeTa, ABISIETCA cuna ecemupnoco msazomenus. Cuna MPUTSKEHUS MEXKITY
MaTepHaJbHBIMU TEJIAaMU MOIYUHSIETCS 3aKOHY BCEMHPHOTO TSATOTEHUS, OTKPBITO-
my emie HeroroHom. Kak n3BecTHO, €ro MaTeMaTHYeCcKOe BbIpaXKeHHUE:

F=¢2",
r
rae F' — cuiia MpUTSHKEHUST MEXKy MaTepHalIbHBIMU TellaMu, M, U M, — UX Macca,
7 — PAaCCTOSIHUE MEXAY TelaMH, KOAPQUIMEHT MPONOpIHOHaIbHOCTH. G OepéT-
Csl KaK TpaBUTALIMOHHAS MTOCTOSIHHAS W MPU 00O3HAYEHWH MAcChl B KMJIOTPaMMax
(xr), pacctosiHusi B MeTpax (M), cuiibl B Hetoronax (H), e€ 3HaueHne BbIpaxxaeTcs
Kak 6,672 - 10-''"H - m2/kr2.

2. dpyroii cunoii, neiicteyroiieid Ha KA Bo BpeMs ero nosé€ra, siBIseTcs cuia
conpomusnenuss ammocgepvi. UeM HUXKE (OTHOCUTEIBHO MOBEPXHOCTH 3E€MIIH)
IPOUCXOAUT MOJET, TEM OOJbIIE CUJIa COMPOTUBICHUS aTMOC(hEpHl, T.K. C YMEHb-
IIEHWEM BBICOTHI YBEJIMYMBAETCS IJIOTHOCTh arMocdepsl. Takas cuina Ha3bIBaeTCs
A2POOUHAMUYECKOU.

3. Ha nBmxyiuiicst B MeXIJIaHETHOM npocTpaHcTBe KA nelicTByeT ele ojHa
3aMeTHasl CUJa — CUula OaeleHuUss CONHeyHo20 usnydenus. Ecnm mpu HEOOIBIIOHN
macce KA y Hero B OIIyTUMOH cTeneHH OOJbIIasi HOBEPXHOCTh, TO MPH JIUTEIb-
HBIX MOJIETAaX JIaBJICHUE COJIHEYHOIO M3Iy4YeHHs OyleT OBOJBHO OOJBIIMM, U €r0
00s13aTeNBbHO CIEeyeT yUUTHIBATD.

4. llpyrue cuiibl, OKa3bIBaronme ciaboe BausHue Ha KA B KocMuU4ecKkoM mpo-
CTPAHCTBE, HA3bIBAIOTCS 9NEKMPUUECKUMU W MACHUMHbIMU, OHU HE OKa3bIBAIOT
BIMsIHUE Ha JBKeHue KA mo npsiMoii JIMHUM, OKa3bIBask BIMSHUE TOJIIBKO HA Bpa-
niareabHble IBUKeHUST KA BOKpYr COOCTBEHHOTO LIEHTPA TAKECTH.
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Hesecomocmob. HeTpyiHO TOHATH, UTO BCE TOYKHU TeJa, CBOOOIHO JBIKYIIIETO-
csl B KOCMHYECKOM MPOCTPAHCTBE MO OMPEICICHHON KPYroBOM opOHTe, Mepe/iBy-
raroTcs C OJIMHAKOBOW CKOPOCThI0. KocMudeckuii anmapar COCTOUT U3 Pa3THIHBIX
OTACIBHBIX YacTeH, U €CJIM CUUTaTh, uTO Ha KA OKa3bIBaeT BIMSIHUE TOILKO CHJIA
MPUTSHKEHUST IEHTPATBHOTO KOCMHUYECKOTO TeJla, TO CKOPOCTh BCEX €ro 4vacrei
(meraneil) octaHeTcs OIIMHAKOBOM, a B CIy4yae M3MEHEHUS M3MEHHUTCS y BCEX ya-
CTEH OJMHAKOBO, TIOTOMY YTO T'PAaBUTAIIMOHHOE YCKOPEHHE HE 3aBHCHT OT MacChl
JBUKYIIEroCs Teja:

rne Mg — Macca Tena, mpuTsaruBaromiero aetanu KA (He neraneit!), » — oTnaneH-
HOoCTh KA OT nieHTpansHoro tena (MOXKHO CUYMTaTh, YTO OHA OJIMHAKOBA ISl BCEX
netaneit KA). Mcxoas u3 9T0ro, MACHTUYHBIMH SIBIISIFOTCS U TPAGKTOPUU AeTaliel
KA, stum obecnieunBaeTcs HepacxoxkaeHue Aetaieid B kocmoce. CiieoBareinbHo,
MEXIy OTACTbHBIMH AeTansiMu KA He BOSHHKAET JaBJlCHHE, TO €CTh UCUYE3aeT UX
BEC OTHOCHUTEIIBHO ApYyT apyra. KOCMOHaBT HE NIaBUT HA KPECJO, B KOTOPOM CH-
JTUT, TIOJIBEIIICHHAS JTaMIIa HE HATATUBAET ITHYP, OTMYIIEHHBIA KapaHIall BIUCHUT B
HEBECOMOCTH, HE OITyCKasiCh Ha CTOJN U T.J., TOTOMY YTO Y HUX OJIMHAKOBBIC CKO-
pocTh U yckopeHue. B kaOuHe kopaliist Mcue3aeT CMBICI Ha3BaHUH «IIOJ», IIO-
TOJIOK». Ha nBrkeHue mpenMeToB BHYTPHU KOPAOJsi HE MOXET BIHATH CHJIA TIPH-
TSOKCHUS 3eMIIH.

Bo3HuMKHOBEHHE OpYyrux BHENIHMX CHJI (CHJIa COTMPOTHBIICHMS BHEIUIHEH cpe-
JIbI, CHJIA PEAKIUU OTIOPBI U APYTHe) MPUBOAUT K MCUE3HOBEHUIO HEBECOMOCTH U
BO3HUKHOBEHHUIO BECaA.

BOl'[pOCI)I H 3aJaHusA

1. U3 kakux yacrel cOCTOUT pakera?
. YTo BBI 3HaeTE 0 KOHCTPYKTHBHBIX XapaKTEPUCTHKAX PAKETHI?
. Kakue kacaroniuecst pakeTbl Macchbl XapakTepU3YIOT My , Mo , Hix?
. Kakue cuibl Bo3aeiictytor Ha KA Bo Bpems nonéra?
. Ipu xakux ycnoBusix mpu cBoGomHOM mmonéte B KA BO3HHMKAaeT HEBECOMOCTh?
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TEMA 33. § 67. OpouTsI Tesa, ABUKYIIET0CHA B HEHTPAJIbHOM
1oJie NPUTAKEHUus

Paccmorpum Tpaekropuro uckyccrBeHHoro cryTtHuka 3emiu (MC), nBu-
XKylerocs B moje 3emiu (cuuTas ero nojieM NpUTshKeHus). B naHHoMm ciydae
yckopenue, coobmaemoe ConuuemM WC, npubau3uTesbHO PaBHO YCKOPEHHIO,
coobmaemomy ConHilem 3emiie (BBHIy TOTO, YTO OHM HAXOISTCS Ha MPUMEPHO
onuHakoBoM pacctosHuM oT Comnia). [lostomy MoxkHo cumrars, yto UC nBu-
JKETCA TOJIBKO TMOJA Bo3AeiicTBUEM 3emiid. B 3TOM ciydae BO3MyIAIOIIEE YCKO-
penue, cooburaeMoe cryTHuKy ComHileM, He OepeTcs BO BHUMaHHE, TaK Kak OHO
paBHO pa3HUIIE MEXAY yCKOpeHHeM, coolraemMbiM ConHileM 3emie U yCKOPEHH-
eM, coobmaembiM COJHIIEM CIYTHHKY, M OY€Hb HEBEJIMKO MO CPABHEHUIO C YCKO-
penueM, coobmaeMbiM C 3emieil.

HMMeHHO 03TOMY NpH MPUOIU3UTENBHBIX pacyeTax MPUHATO CUUTATh, 4To KA
JIBUKETCST TOJIBKO TOJ BO3/ACMCTBHEM 3€MJIH, T.€. ABM)KCHHE M3Y4yaeTcsl B Mpeje-
Jax IBYX Tell. DTO CUJIbHO yrpomaeT pacueT opoutsel UC. PaccmoTpum HebecHOE
TEJO0 KaK OJHOPOJIHBIM MaTE€pHAJIbHBIN IIap WM K€ KaK COCTOSIIEE U3 OAHOPOA-
HBIX, OJIMHAKOBBIX IO TOJIIMHE, BIOKEHHBIX JPYT B Apyra chepruuecKux CIJIOEB.
B »TOM cnydae mosiHas Macca Telna, CIOBHO CKOHIIEHTPUPOBABIIKUCH B €r0 IIEHTPE
(B BUIIE TOYKH), UMEET cuily TsaroteHus. [lomoOHOe mose TATOTeHHUs Ha3bIBaeTCs
Llenmpanouvim nonem msaecomenus (LIIIT).

B «3apaue o aByx temax» (§ 27) mbl ropopuwin o LIIT u ocraHoBUIMCH Ha
CBOICTBaxX JAHHOTO MOJISI, OTIIMYAIONIMX €r0 OT OOBIYHOro mojsi TaroreHus. Ha-
MOMHHM, 4TO B Cllydae, KOrja JIBIXKYIIeecss B CBOOOAHOM TIOJI€ TATOTEHUS TEJO C
paanycoMm R, HAXOIUTCS HA JOCTATOYHO OOJBIIOM PACCTOSHUM 7 OT Tena M, co3-
JIAIOIIIETO ToJIe TATOTeHus (T.e. »>>R), mo0oe moje TIroTreHus: OyAaeT IenCTBO-
Barh Ha Teno kak LIIT. Mcxons u3 3akoHa cOXpaHEHUs] SHEPTUU, CKOPOCTh L, Teja
(c Maccoii m), IBMKYIIETOCS B IOJIC TSATOTCHUS HA PACCTOSHUU 7 OT LIEHTPAIBHO-
ro tena (¢ maccoil M), cBsi3aHa C €ro HaYaJIbHOM VO CKOPOCThI0. B HebecHOl Me-
XaHMKE 3TO BbIpAXCHUE HA3bIBACTCS MHTETPAJIOM SHEPTHUU:

NI L ) 2K (1_h

= :
)

= w V) =0, — : (1)
rne K=GM rpaBUTalMOHHBIA NapaMmeTp Teia, O0003HAYAIOIIETO LEHTPaJIbHOE
rosae, it 3emi Kg =3,99 - 105 km3/c2, mrs Comnma Ko =1,33 - 10! xm3/c?, mis

Jlynsr 4,9 - 103 xm?/c2.

"
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On ymecteH u toraa, korga st LIIT r=R.
Jlasiee MBI 0O3HAKOMHUMCSI C TPACKTOPHUSIMH JIBHU-
>keHus Tena, apuraromierocs B LII1T.

Tpaexktopun newxenuss KA Ha neHTpasib-
HOM TI0JI€ (B HAIlIEM cllydae Toje 3eMIIh) MOX-
HO pa3eiUTh Ha YEThIPE IPYMIIbL:

1. Ilpsamonuneiinvie mpaekmopuu. Ecmnu
HayaJlbHasi CKOPOCTh Teja, HAXOAIIEerocs Ha
OTIPENIEJICHHOM BBICOTE, PaBHA HYJIIO, TO IO
JecTBUEM MPUTSHKEHUs] HEOECHOTO Tela, CO3-
JIAIOIIETO IIEHTPAIbHOE I0JIe, TEeNO0 HAYWHACT
NPSIMOJIMHEIHOE JBMKEHUE I10 HAIpaBJICHUIO
K ero nenrpy. Ecam Tenmo samymieHo ¢ 00ib- Puc. 115. JIpimkenue Tena mno
II0OM HA4yaJbHOM CKOPOCTHIO M €r0 HaudajdbHAas OJUTMITHYECKON TPAEKTOPHU B
CKOPOCTh HampaBleHa TOYHO K HEHTpy iy B~ CHTPATbHOM MOJC TATOTCHUA.
OpsSMO TIPOTHBOIIOIOKHOM HampaBieHun (pa-

JMallbHAsl CKOPOCTh), TO JIBIKCHHE Tella Takke OyneT mpsMoianHeWHbIM. Bo Beex
OCTAJILHBIX CITydasx MPSMOJIMHEHHOE IBIKEHHE HEBO3MOXKHO.

2. Jlsuscenue no snnunmuueckou mpaekmopuu. Ecnm HauanbHas ckopocTsh KA
HE SIBJIICTCS PaAMAIIbHOW M OH 3allyllEeH U3 TOYKH P 10 TOpU30HTAIBHON JIMHUU,
TPACKTOPHsI €T0 JIBIKCHHUS MCKPUBHUTCS TOJ JCHCTBUEM MPUTSHKCHUS IIEHTPAJIb-
Horo Tena. [1yTe ero Bcerna Oyzer nexarb Ha MIOCKOCTH, MPOXOIALIEH yepe3 BeK-
TOp HayaJIbHOHN CKOpPOCTH M 1EeHTp 3emiuu. Ecnu Ha-
yanbHas ckopocTh KA st 3emnu Oonbliue nepBoit
KOCMHUYECKOH CKOPOCTH, HO MEHbBIIE BTOPOH, €ro
TPAeKTOpHS Ha3bIBACTCS ALIMNTHUECKOH (puc. 116).
Ecmu mpu 3TOM snmimuntudeckas opOuTa He Iepe-
CEKaeT MOBEPXHOCTH MPUTSATHBAIOIIETO HEOESCHOTO
tena, KA mpeBpariaercs B MCKyCCTBEHHBIH CITyT-
HUK 3TOTO Tela, a LIEHTP HeOEeCHOro Tejaa — B OAMH
U3 (OKYCOB AIITUIICA.

Puc. 116. TpaexkTopus Tejla B LIEHTPAJILHOM I10JI€
TSATOTEHHS (B KaUeCTBE NMPUMEPA MPUBEIACHBI
Tpaekropuu KA B mone tarorenus 3emin). Yo
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dokycamu AIIIUICA HA3BIBAIOTCS TaKHE TOYKH, CyMMa PACCTOSHHHA OT KOTO-
PBIX 0 OO0 TOYKH AIIIUIICA €CTh MOCTOSTHHAS BemudnHa. OCh, IPOXOASIIAs 1O
00ouM (oKycam JIITUIICA, HA3BIBACTCS €ro Oo.vuioll ocvio. Tlonosuna 6onvbuiol
ocu Ha3bIBACTCS OOIbULIOL NOYOCHIO, OHA 0003HAYaeTCsi OYKBOM a U XapakTepu-
3yeT CPEIHIOK OTAAJCHHOCTh CIIyTHHKAa OT HEOECHOro Tena. 3/1ech CKOPOCTh U
CIIyTHHUKA, HAaXOJAIIErocs Ha Touke K 3JIMIca, CBA3aHA C €r0 OTAAJIECHHOCTBIO 7y
OT IIEHTpa TATOTEHUS U OOJIBIION MOITYOChIO AIUIMIICA M BhIpaXKaeTcs CIEAyIoLeH
dbopMyII0ii, ABIISAIOMICHCS HOBOW MHTEPIIpETAIe HHTETpalia SHEPTUU:

v=kl2-1] 2)

Ve a
B a1oit hopmyne K xapakrepusyeT rpaBUTaIllMOHHbIN napametp 3emiu. [lo 3a-
koHy Kerutepa nepuoa 7 oOpamieHust ABMXKYIIETOCS MO AJUIANITUYECKOW TPAeKTO-
pun B LIIIT Tena csizan ¢ OOJNBIION MOTYOCHIO AJUTUIICA!
T : _ 47'[72 2T %
T g T:ﬁa . 3)
bnmxaitias 1 HamOonee ynajneHHas OT LEHTPAJbHOTO Tejla TOYKH 3IUIMICA
(puc. 115, Touku I1 u A) HA3BIBAIOTCS COOTBETCTBEHHO NEPUYEHMPOM U ANOYeH-
mpom. Eciny NpUTATMBaOIIUM TEJIOM SIBIISI€TCS 3eMJIs, TO 3TH TOYKHU Ha3bIBAIOTCS
nepueeem u anoceem, ecnu Conuue — nepueenuem u agenuem. Cxopocts (v,) KA
Ha Tepuree sABISAETCS MAKCUMAJIbHOM, CKOPOCTh (V,) Ha anoree — MUHUMAaJIbHOM.
W3 3akoHa cOXpaHEHUsI MOMEHTA KOJUYECTBA JIBUKEHUS CIIEAYET, YTO 3TU CKOPO-
CTH CBSI3aHBI JPYT C JIPYTOM CIEIYIOIIIM 00pa3oM:

Mo Oy " Fa=Mg " Vy " 1y WIA  Vy * 7y=Vy * Fa, (4)

TJ€ 7'y U 7, — OTIAJICHHOCTh TOUEK MEPHUres U arorest OT LEeHTpa 3eMITH.

Ecnu ¢ moBepXHOCTH IICHTPAJIBHOTO Tena (HampuMep 3eMiu) U3 Touku /1 Ha
BbicoTe /A (puc. 115) Oynet 3anymeH KA ¢ HauaabHOM TOPU30HTAIBHON CKOPO-
CTBIO, TOYKa // B 3aBHCHMOCTH OT BEJIIMYMHBI HAYaJIHHOW CKOPOCTH CTAHOBHTCS
NerpureeM Wiu amnoreeM opOuTel (puc. 115, opoutsl / u 2). Ilpu onpeneneHHON
CKOPOCTH OH JIBIDKETCSl MO Kpyry (puc. 115, opbuta 3), eciii paguyc KpyroBou
OpOUTHI 7, TO

, K K

_2e _ |Be
Vo -, wm UV, = o (5)
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3Hasl, YTO Kg — rPaBUTALMOHHBINA MapameTp 3emild, JIETKO HalTH CKOPOCTb, 00ec-
NIEYMBAIOILYIO0 KPYTOBYIO OPOUTY, HAXOSILYIOCS Ha pacCTOsTHUM 7 oT 3emiu. Eciu
31ech Rg — paBHO paauycy 3eMIId, JaHHOE BbIPA)KEHHUE B OTHOILIEHNUU 3EMIIN:

v = ©)
R@
0003HAYaeT nepeyro KOCMU4eckyro ckopocms 1 paBHo 7,91 km/c.

3. J{suoicenue no napabonuyeckoti mpaekmopuu. JIIMITHYECKast OpOUTa, aro-
reil KOTOPOI «JICKHUT» B OECKOHEYHOCTH HE MOXET OBITh duturicoM (puc. 115, opou-
ta 4). Torma KA GeckoHEUHO yhansieTcsi OT MPUTATHBAIOIIETO IIEHTPA, U JIBUKETCS
10 KPUBOM JIMHUY, CTpeMsIIeics K OeckoHeuHOCTH — mapaboste. [1o mepe ynanenus
OT IIEHTpPa MPUTHKECHUSI €T0 CKOPOCTh yMeHblnaercs. Vicxons u3 popMysibl BbIUKC-
JICHUSI CKOPOCTH JIBMIKEHUS N0 SIUIMITHYECKON Tpaektopuu (1), yuuTsiBasi, 4to B
0ECKOHEYHOCTH 0. — 00, HAXOAMM BEJMYUHY HAauyaJIbHOW CKOPOCTH Vo, OOecreurBa-
IOMIeH MapadoInIecKyo OpOUTy Ha IEPBOHAYAILHOM 7 PACCTOSIHUH, TJIE:

2K
:% UJinu ’DO: _

p - (7)

Bbruncnennas Takum o0pa3oM CKOPOCTb Ha3bIBACTCSI NApAOOIUYECcKOU WIH 0CE0-
0021cO0enHoll, TTIOTOMY YTO, JOCTUTHYB Takoil ckopoctu, KA, nBurasce no mapado-
Jie, He BEPHETCS K LIEHTPY NPUTSHKEHUS, HHAYe TOBOPS, OCBOOOAMUTCS.
Ecnu r = Rg — paguycy 3emiid, TO OJIy4aeTcs
2K,
v, = (8)
R(—B
DTa CKOpPOCTb HA3BIBACTCSA 6MOPOU Kocmuueckou ckopocmuto. OTHOCUTEIHLHO
3emim e€ BenmuunHa paBHa 11,186 km/c.
CpaBHHBast IEPBYIO U BTOPYIO KOCMHUYECKHE CKOPOCTH, MBI HAXOMM, YTO

V1= Vo= V1 * \/E HUIIN Vo — 1,414 Vr.

ECJ'II/I, BOCIIOJIb30BABIINCh JAHHBIMW YPABHCHUAMU, HAITMCATh UHTCIpaJl SHEPIUu,
CKOPOCTbB B IIOJIC NPUTSIKCHUA Ha PACCTOSAHWH 7 OT HEHTPAJIBHOI'O TCJIa ITOJTYy4acTCA:

0

;
vi=v - [1-L 9)

r ocB
r

Ecnau r — oo, TO momy4daercst v2=v% — Vi M3 3TOrO ClieqyeT, 4To B OECKOHEUHO-
cti V=0, TOTOMY YTO V9 = Voex , JUISI BEIXOJIA HA MApabOIMUECKyI0 OpOUTY JOIIK-
HO OBITH Vg = Vy1.
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4. T'unepoonuueckue mpaexmopuu. Ecnm KA JOCTUTHET CKOPOCTH, MPEBBI-
mraromeil mapaboandecKyl0 CKOpPOCTb, OH M B 3TOM Cilydae OyIeT JBUTATHCS IO
KPUBOH JIMHUM, CTpeMsIeiicss K OECKOHEUHOCTH U «JIOCTUTHET O€CKOHEYHOCTH,
OJTHAKO €r0 TpaeKTopus OymeT MpenacTaBisiTh rumnepdony (puc. 115, opbura 5)
B stom ciyuae ckopocth KA B OeckoHeuHOCTH He OyzneT paBHa HyIO. XOTA 1O
Mepe yIaJIeHUs OT HEHTPa MPUTHKEHHSI €r0 CKOPOCTh Oy/IeT HENpPephIBHO MaIaTh,
P YCIOBUH, YTO 7 — 00, OHA HE CMOXET CTaTh MEHBIIIE BEJTMUYUHBI CKOPOCTH Ve,
KOTOPYIO MOKHO BBIYHUCTUTH TI0 opmyiie (9):

VL= VY — Vi (10)
CKOpOCTb V., Ha3bIBAIOT OCTATOYHON CKOPOCTBIO (MJIM TUIEPOOTMYECKUM U30BIT-
KOM CKOpOCTH). Bmamu or meHTpa mnpuTshKeHHs rurnepOondeckas TPaeKTOpHs
MOYTH HE OTIIMYAETCS OT MPSAMBIX JIMHUMN, HA3bIBAEMBIX ACUMNMOMAMU 2unepbo-
sbl. IMEHHO TO3TOMY TpH OOJBIINX PACCTOSHUSAX TUMEPOOIHMUECKYIO TPAEKTO-
PHIO MOXKHO CUHMTATh MPSMOJUHEHHOU. [IpencTaBieHHbIe BBINIE /1Ba ypaBHCHHS
YMECTHBI KaK JUIsl TapaOOMYeCKUX, TaK U IS THMEPOOTUICCKUX TPACKTOPHA.
JBuxenne KA B mosie NpUTSIKEHUS HA3BIBAIOT KeNIEPOBCKUM OBUMNCEHUEM B
yecTh Hemenkoro ydenoro M. Kemmepa, mepBbIM OTKpPBIBIIETO SITHUITHYECKYIO
dbopMy IBWKEHUS TUTAHET ¥ 3aKOHOMEPHOCTH MX JIBU)KCHUSI.

Bomnpocs! u 3axanus

1. CBsizaHa 1M TpaeKTOPHs JABMKEHUS Tejla B LEHTPAJIBLHOM I0JIe TSATOTEHUS C €
HavyaJlbHON CKOPOCTHIO?

2. Kakue 3aBucMMOCTH (PHU3MUYECKUX BEJIHYUH BBIpaKaeT (opmyrna HHTErp
SHEpruu?

3. Kak ompenensieTcss mepuo Tena, KOTOpOE ABMXKETCS MO JUIMIITUYECKON Tpae
TOpUH?

4. Kakue ckopocTy Ha3bIBaIOTCS MEPBOM U BTOPOH KOCMHUUECKHUMH CKOPOCTSIMU?

5. KakoBa pa3nuiia Mexy CKOpocThio B OeckoHeuHOCTH KA, IBUTAIOMUXCS MO IT
padonmyueckoil U TUTIEPOOTMIECKON TpaeKTOPUsIM?

TEMA 34.  § 68. Cdepa neiictBUsA 1 NPUOJIMAKEHHbBIN
pacuér Tpaexkropuii KA

I[J'Iﬂ PE€AIbHBIX KOCMHUYECKUX TEJI KCTIJICPOBCKUE 0p6I/ITBI KA B TouHOCTH HH-
Koraa HC OCYHICCTBUMBI. I[CJ'IO B TOM, YTO LHCHTPAJIBLHOC HEeOECHOE TeJI0 HE UMEET
TOYHOH C(l)GpPI‘-ICCKOﬁ CUMMCTPHUH U, CIICOAOBATCIIbHO, €TO IIOJIC HC ABJIACTCS LCHT-
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['pannna chepsr

3 6 2 ' peiicTBus 3emu 6,051 - 106 km/c?
s&i”ﬁM _________ w6051 100k ¢ Comme
5,930-10° 15,970 10 "'KM/CZ 0,1772 - 10 -6 kM/C2 0,00001781 - 10-¢ km/c? 1

KM/c? O]%O 106 k/c2

osmymaiomee 4 121106 gye?
YCKOpEHHE
1,594 1% T\ Bowy- Conmnna /(T,T;772~1o-6 Km/c?

’ 1 IAroIlee
KM/C? | yCKOpeHHue 3emiin !
r 0 1,5-106xm  Cayuyait 2 i
05 10 K0\ ry a1 149.6- 106 x

Puc. 117. Ouenka chepbl 1eHCTBHS MPUTHKEHUS 3eMiId 0THOCUTENbHO ColHITA.

panbHbIM. [Ipu M3ydeHHHM ABW)KEHUS Tella CIEAyeT YYUTHIBATh BIIHMSIHHE BHEII-
HUX KOCMHUYECKHUX Tell M Jpyrux (akropoB. OIHAKO KETUIEPOBCKOE JBHKCHUE
HACTOJILKO TPOCTOE M TaK XOPOIIO M3Y4YEHO, YTO OT HETO HEJb3s OTKA3bIBATHCS.
VIMEeHHO MOATOMY KeIJIEpOBCKasi OpOMTa paccMaTpUBAETCs KakK OMOpHas opoOuTa
IIPHU pacyeTax TPACKTOPHUH Tela, MPH pacdyeTax Takke OepyTcsi BO BHUMAHUE OT-
KJIOHCHWMSI, TIPOUCXOSIINE B JPYTHX TOJOXKEHUSIX. Tak yTOUHSETCS TPACKTOPHS
JIBDKCHHUS TEIIa.

[TpousBenem pacueT aJsl ABYX CIy4acB I'PaBUTAIIOHHOTO OTKJIOHEHHS, KOTOPOE
OKa3bIBAIOT Ha ABWXKYIIMiicsS BOKpYyr 3emnu KA npyrue kocmMuueckue tena. Bos-
MYIIAIOIMM BHEITHUM KOCMHUYECKUM TelioM siBnisgetrcs: Conuue (puc. 117).

Cayuaii 1. PaccmoTrpum mist mpumepa Bo3myitaromiee yckopenue KA, nBu-
KYIIEToCsl BOKPYT 3eMiH (T. €. ero I'eOlEHTPUYECKOE JBIDKEHHE) 3a CYeT Ipa-
BUTAlIMOHHOTO TputTspDKeHUs: CONHIA, U €r0 M3MEHEHHE C yJaJICHHEM OT 3eMIIU.
Jonyctum, uro KA nemxerca Ha pacctosHun 500000 kM oT 3emiu 1o npsiMoin
auHUH, coenuHstomei 3emtro u CorHIle, pu 3ToM pacctosiaue oT CoHia Oyer
149100000 k™ (puc. 117). Torna yckopenue, coodmaemoe KA 3emnéit, cocraBut
1,594 - 106 km/c?, a coobmaemoe Comniem — 5,970 - 10¢ xm/c2.

1. Ecnmu Hac uHTEpecyeT TeOLEHTPUYECKOe IBMKEHHE, TO BO3MYIIAIOIINM
YCKOPEHHUEM SIBIISIETCS pa3HUIla MEXKIy yCKopeHueM, coobmaembix ComnameM KA,
((5,970-10° xm/c?) u yckopenuem, coodmaembiM 3emie (5,930-10°¢ km/c?), T.e.
(5,970-10°-5,930-10°) xm/c2=0,040-10° KM/C2, 9TO COCTAaBISIE€T BCETO JIHIIb
2,5% yckopeHwusi, coo0IaeMoro 3emiiei.

2. Ecnn ke Hac MHTEpecyeT rearoleHTpudeckoe amwkeHne KA Ha TakoMm xe
pacCTOSIHUY, TO TIPU 3TOM Pa3HHIIA MEKIY YCKOPEHHSIMH, COOOIIAeMbIMH 3eMJICH
kocmuueckomy ammapary (1,594 -10¢ km/c?) u Comniy (0,00001781 - 10 xm/c?),
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SIBJISICTCSl BO3MYIIIAIOIINM yCKOpEHUEM i yckopeHus, coobmaemoro KA ComnH-
uem (5,97-10° xm/c) u cocraBmsier 26,7% yckopenusi, coobmaemoro KA 1eH-
TpanbHbIM TedoM — Comunem (1,594 - 10 km/c?). 3HaunT, TpuU eeruoyenmpuye-
CKOM O8udiceHUuly BIHUSHUE BO3MYILIAIOLIETO YCKOPEHMsI 3€MJIM SIBISIETCS OUYEHb
omyTUMbIM. Crie1oBaTeIbHO, MOXKHO CJeNiaTh BBIBOJ, UYTO B mMepBoM ciaydae KA
JIBUKETCS] BOKPYT 3€MJI B T€OILIEHTPUYECKOM JIBUIKECHUH.

Cayuaii 2. Teneps paccmoTpuM cutyanuio, korna KA HaxoauTcs Ha JUMHHUH
3emist — Comanne, B 1 500 000 kM ot 3emim u 148 100 000 km ot ConHIa.

1. CHauana BbISICHUM, KakuM OyzneT Bo3mymiarouiee yckopeHue ColHiia, Kor-
na KA Bpamaercs BOKpyr 3emiiM MO T€OLEHTpUUYecKor Tpaekropuu. Kak moka-
3aHO Ha puc. 117, B 3TOM ciiy4yae yckopeHue, nonydaemoe KA mon BiausHuEM
3emmm, coctapusiet 0,1772-10° xm/c?. Yckopenue, monydaemoe KA mon BnusiHU-
em Connua, coctaBiser 6,051 10° km/c2. Mcxoas U3 yCKOpeHHs], MOIy4aeMoro
3emuierr ot Comuna (5,930 10° km/c?), BBISICHSIEM, YTO BO3MYIIAIOIIEE YCKOpPE-
aue Comaiga paBHo 6,051:10¢ —5,930- 10 km/c2=0,121 - 10° km/c? U cocTaBiseT
68,3 % ot yckopenus, cooomaemoro KA 3emeit (0,1772 - 10¢ km/c?).

2. Tenephb BBIUMCINM, KaKoe BO3MYyIIarollee yckopenue 3emis coodimaet KA,
Korza TOoT BparaeTcst BOKpyr CousHia 1o eeruoyenmpudeckoti mpaexkmopuu. OHO
pPaBHO pa3HHUIE MEXKAY yCcKopeHHueM, coobmraembM 3emnéit KA 0,1772-10¢ km/c?
u yckopeHueMm, coodbmaeMbm 3emiéin Comairy (0,00001781-10¢ km/c?), u cocTaB-
nset npumepHo 0,1772-10°¢ km/c2. Ecnu cpaBHUTH €ro ¢ yCKOpEHHUEM, cooOIa-
embiM KA Comnnem (6,051-10¢ xM/c?), Bo3MyIIaroIIee yCKOpeHue, coodIaeMmoe
KA 3emnéit, pasao 0,1772-10° km/c? u coctaBisieT Bcero 3% OT yCKOpEHUs, CO-
obmraemoro KA Comanem (6,051-10 xm/c?), SBASIONIMMCS TPUYUHON JBHKCHHUS
KA no reanouentpuueckoit Tpaekropun. CrieoBaTeinbHO, IPABUIBHO OyleT CKa-
3aTh, UTO Ha TakoM pacctosiHuu KA nBHkeTCsl He BOKPYT 3€MJIM IO T€OLIEHTpUYE-
CKOM TpaeKTOpHuH, a BOKpyr COJHIA 1O TeIMOLEHTPUYECKON TPAEKTOPUH (B CHILY
HE3HAUUTEIbHOCTH BO3MYIIAIOIIETO YCKOPEHHUsI, COO0IIaeMoro 3emiéin).

Ecnu npousBectu pacueT nooOHBIX TPAeKTOPUH U 711 BCEX KOCMUYECKUX TO-
YeK, He HaXOASIIUXCcs Ha npsiMoid muHun 3emist — Comuile (31ech Oepercs pa3Huia
MEXIy BeKTOpaMu yckopeHwuid, coobmaembix KA 3emnéit u Conaiem), B ciydae 1
KaXJash TOYKa OyJeT MOKa3blBaTh MPEANOYTHTENBHOCTh JBMKeHUs KA BOKpyr
3eMJIu MO TeOLIEHTPUUECKON TPaeKTOpHUHU, B Cliyyae 2 MPEeANOYTUTEIbHEE CUUTATh,
YTO, HAXOJSICh B JIFOOBIX JIPYTHX TOUKax kocmoca, KA NBHKETCs MO TeIHOLEHTPU-
YECKOW TPACKTOPUH, T.€. JIBIDKETCS BOKPYT TOYKH, IEHTPOM KOTOPOH SIBIISETCS
CounHue, 1o KeriepoBckoil Tpaekropuu. Kak rmoka3piBaeT MareMaTUYECKUN aHAIU3
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JTAHHBIX TOYEK, TPAHUIIBI TaHHON 00MacTu ONMIM3KU K OKOJI03eMHOM cdepe, B CBsI3U
C 3TUM B KOCMOJMHAMUKe cepy AeUcTBHUS 3eMId MPUHATO CYUTATh TOUYHOM cde-
poii. Panuyc cdepsnr aeiictBust 3emiu o otHomeHuto k Conniy — 925000 kM, pa-
muyc cdepsl aerictBust JlyHnsl mo otHomenuto k 3emiie — 66 000 kM, paauyc chepsl
nevictBus CoiHIIA B OTHOIIEHUHU IIEHTpa rajakTuky paBeH 9x 1012 km =1 c...

Ecnu Tena HaxomsTcs ApPYr OT Ipyra Ha PAacCTOSIHUM @, paauyc cepbl Jei-
CTBUS TeJla, UMEIOIIET0 Maccy 71, Ha HaXOASIIETOCs HEJaNeKo OT Tella, UMEIOIIIe-

5
ro Maccy M (m << M), onpenensiercst o Gpopmyie: p = a(%) .

Korna KA mepecekaer rpanuily chepsl ASHCTBUS Tela, OH MEPEXOIUT U3 Of-
HOTO LEHTPAJIbHOTO T'PABUTALMOHHOTO NOJA B Apyroe. JIBMKEHUS KOCMHUYECKO-
ro anmapara B OTIAEIbHO B3ATOM I'DABUTALMOHHOM II0JI€ COCTABIISIIOT B OTHOILIE-
HUU JaHHBIX TOJEeH OTAeNbHbIE KEIUIEPOBCKUE OpPOUTHI (OJHO M3 KOHMYECKHX
ceuenuil). Tpaekropusi OBMKEHUS KOCMHYECKOTO amrapara Ha TpaHHIe cgepsl
JICUCTBUS «CKJICUBAETCS» IO OINpPEACICHHBIM NpaBuiaM. B 3Tom 3akmrodaercs
npuOIMKEHHBIM MeToJ| pacueTa TpaekTopuil KA, KOTOpblii MHOTTIa HA3bIBAIOT Me-
TOJIOM CONPSKEHHBIX KOHUYECKUX CEUECHUM.

TEMA 35, § 69. OpourajnbHbie 3JieMeHThl HCKYCCTBEHHbBIX
CIIyTHUKOB 3eMuIH

JIBUKEHHUsI HMCKYCCTBEHHOI'O CITYyTHH-
ka 3emuu (MC), nBmxymierocss B OKOJIO- Hanpasnenie ppaie- JIHHUSE
36MHOM IPOCTPAHCTBE, HA3BIBAIOTCS OKO- s 3eMTH kil
no3eMHbIMU TioieTaMu. C TOYKH 3peHus !/
KOCMHUYECKOM MEXaHMKH  OKOJIO3EMHOE
IPOCTPAHCTBO — OOJIACTb, OTPaHMYEHHAs
cthepoii neiictBust 3emiu. J[BikeHue tena
B 3TOM IIPOCTPAHCTBE MOXKHO paccMaTpu-
BaTh KaK HaOIofaroleecs: TOJIbKO B Ipa-
BUTAIIMOHHOM mnoie 3emuu. Ha puc. 118
n3o0paxxkeHa opoura UC 3emiu, Bpaiaro-

MIOCKOCTh
9KBATOpA /
®

<>
1ierocsi B 3eMHOM IIPOCTPAHCTBE, TOUKH [/ &
U A JaHHOW OpOUTHI COOTBETCTBYIOT TOY- Puc. 118. DnemeHTbI OpOUTHI
KaMm HepI/IreH U arores I/IC I/ICKyCCTBeHHI:IX CHYTHI/IKOB.
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Kak BumHO M3 pucyHka, miockocts opoutsr MC
3eMild mepeceKaeTcs ¢ MIOCKOCThIO AKBATOpa 3eMITu
10 MIPSIMOM JIMHUU, HAa3bIBAEMOM V3710601 TUHUEU.
oY B stom ciydae Bocxonsiuii y3en sIBIsieTCsl TO4-
(‘w,: ; kot nepeceuenus MC skBatopa 3eMIIM OT FOXKHOIO
}f > / NOJylIapusi K CEBEPHOMY, a IPHU 3aXOJAIIEM Y3JIe —
‘\ R !j HaoOopoT. U3 atoro cienyer, uro UC nponeraer Haj

- TEMHU TEPPUTOPUSIMHU 3€MHOTO IIapa, I71e MIOCKOCTb
opoutsl UC, ero reorpaduueckasi mmpoTa, ero mio-
CKOCTh HE NPEBBIIAIOT yroi i, T.e. HAKJIOH OPOUTHI
HNC B OTHOWIEHMM IIOCKOCTH 3€MHOIO 3KBaTopa.
Ecmu Beicora MC 10BOJBHO OOJIBIIAs, €r0 MOKHO
HaOJI0/1aTh U B palloHax, Tae ¢ > 1.

Y UC ectb crnenyoomme opOuTanbHbIe 3MeMeHThI: 1) i — HakiaoH opoutsl MC
B OTHOIICHUH TUIOCKOCTH 3€MHOr0 3KBaropa, korja i = 90°, CyTHUK Ha3bIBaeTCs
nonapruim (puc. 119, opoura 2), ecinu xe i = 0°, CIyTHUK HA3bIBACTCS IKEAMOPU-
anvuvim (puc. 119, opouta 1). Ecnu nanpasnenue apwkenust IC coBnagaer ¢ Ha-
NpaBJICHUEM BpallleHus: 3eMJIH, CITyTHUK Ha3bIBaeTcs npsamuim (puc. 119, opobura 3),
B MIPOTHBHOM CITy4yae CIIyTHHUK Ha3bIBaeTcs oopamuvim (puc. 119, opoura 4, xorma
i > 90° — CIiyTHUKM JBWXKYTCS B 0OpaTHOM OT HaIlpaBJiEHHs BpaIleHUsI 3eMJIM Ha-
npaBieHun); 2) h, — Beicora anorest IC; 3) s, — BbicoTa ero nepuresi; 4) T — nepuon
Bpamenus C; 5) a — 6onpmas nomyock opoutsl C; 6) e — skcrieHTpucuTeT 0pom-
Te1 IC; 7) Q) — ymoBoe paccTosiHiEe BOCXOAAMLIETO y37a (10 9KBaTOPUAILHOM ILJIO-
CKOCTH) OT TOYKHM BECEHHETO PaBHOJACHCTBUS, YTO XapaKTEpU3yeT MPOTSHKEHHOCTD
Q. UC, obpamaromuecs: BOKpYT IJIAHETH CO CKOPOCTBIO PABHOW CKOPOCTH Bpallle-
HUSI 3eMJI BOKPYT OCH, Ha3bIBAIOTCS 2e0CMAYUOHAPHBIMU CHYIMHUKAMU.

Puc. 119. DxBaropuaibHbie
(1), monsipusIe (2), MpsIMbIE
(3) u oOparHbIe (4)
CITyTHUKH.

§ 70. OpourTanbhas 3Boawuusa UC B atmocdepe 3emin

Cura compoTHBIEHHUS 3eMHOM arMocdepsl, AelcTByromas Ha asmwkenue VUC,
BBIYHCIISICTCS 110 (hOpMyJIe:
2
rae ¢ — 6e3pa3MepHbIi K03(hPUIIMEHT COPOTHBICHMS, ISl BEPXHHUX CIOEB aTMOC-
depwl ero 3HaueHue konednercs ot 2,0 mo 2,5, S — MakcuMambHas IMOINepedHast

F=cS
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momaas MC 3emiau OTHOCUTENbHO HAMPABJIEHUS €r0 JIBU-
KEHUS, Vory — CKOPOCTH CITyTHHUKA OTHOCHUTEIBHO BHEITHEH
Cpebl.

Bo3mymaroniee yckopeHre, BO3HUKAOIIEE MO/ BO3ACH-
CTBHEM COMNPOTHUBIIEHUS arMoc(epbl, 0OpaTHO MPOIOPIIH-
OHAJILHO Macce CIYTHUKA U MPSIMO MPOTIOPIIMOHAIEHO €T
iomaay B nonepeynuke. CneaoBarenbHO, Ha MOMTYITYCTON
CIIyTHUK COIIPOTHUBIICHUE aTMOC(Epbl JACHCTBYET OYCHD

A

cuIbHO. VIMEHHO BCIIEICTBHE TOTO (DAKTOPa BHIBEICHHAS
HA HIDKHIOIO OPOHTY, OTACIEHHAS OT CIIyTHHKA U 0cBOOoxk- L uc: 120. Hanenue
CIIyTHUKa B

NEHHAs OT TOIUIMBA IOCJHEIHSAS CTYyNEeHb TPAHCIOPTHOMN
PakeThl «OMIYyIIaeT» CONPOTHBICHHE aTMOC(Ephl CHIbHEE,
HEXEJM KOHTEMHED C IUIOTHO Pa3MELIEHHOM armapaTrypoi,
yT0 obecreynBaeT ObICTpOe €€ OTCTaBaHHe.

Bo3mymiaroniee ycKoOpeHHe CUIIbl COIIPOTUBIIEHMSI, BIMSIOLIEE HA JIBUKEHUE
cnyTHuKa, Ha BeicoTe 200 kM cocrtaBmser 2,2 - 104 m/c?, Ha BbIcOTe 400 KM —
3,1-10° m/c?, na Beicote 800 kM — Bcero 2,6 - 10® m/c2. Ilpu monére Ha BBICOTE
100 kM Takoe yCKOpPEHHE OIIYTHMO BO3pacTaeT U cocTaBisieT yxe 30 m/c2.

W3-3a OpICTpOrO MOBBIMICHUS TUIOTHOCTH arMocepsl Ha BbicoTe Hike 110 —
120 xm HC He cMoXkeT 3aBepIIUTh OYepeIHON BUTOK. B 3TOM ciyuae ero Tpaek-
TOpUS MOXO0Xa Ha CIUpaib NPY>KUHBI PYYHBIX 4acoB, M MPU KaXKIOM IPOXOXKIe-
Huu niepurest UC pesko tepsieT ckopocTsb (puc. 120).

BuaumarenpHOE M3yueHue mpoiecca TOPMOXKEHHSI IBM)KEHUS CITyTHUKA BHYTPH
arMoc(epsl TI03BOJISIET BBIUYMCINTH ITUIOTHOCTh BEPXHHUX CIOEB aTMOc(epsl, 4To
MPUBOAUT K LIEHHBIM MPAKTUUECKUM U TEOPETUUECKUM BBIBOJIAM.

JIro6sie m3menenus opoutel UC (yckopeHue, TOpMOXKEHHUE, MOBOPOTHI), Clie-
JIAaHHBIE C OMpPENEeNIEHHON LEeNbI0, HA3BIBAIOTCS OpOUMAnbHbIMU Manespamu. B
KOCMOHABTHKE 3a4acTyl0 MPUXOAUTCS MEHSATh OPOUTY CIyTHHKA C MOMOUIbIO Ta-
KHX MHOTOMMITYJILCHBIX MaHEBPOB. B creayroemM naparpade Mbl 03HAKOMUMCS €
HECKOJIBKUMHU IOI0OHBIMU CITyYasiMHU.

Bomnpocsl u 3axanus

1. Kakue opouransubie anementsl IC Bbl 3HaeTe?

2. Kaxue opoutsl UC Ha3bIBaIOTCS MPSMBIMU ¥ OOPATHBIMH, TIOJSIPHBIMHU M 9KBAT

pUaIbHBIMU?

3. Kak ompenensiercst conporusienne armochepsr nemxernto MC?

4. Kakue MC Ha3bpIBatoTCS reocTalioHapHbIMA?

arMocdepe 3emin.
OpOuTh MageHus
CITyTHHKA.
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TEMA 36.  § 71. OpouranbHubie MaHeBpbl. U3MeHeHHne
INIOCKOCTH OPOUTHI HCKYCCTBEHHOI'0 CIIyTHHKA

Merton 1. U3menenne mnockocti opoutsl UC mon onpeneneHHbIM yIiioM Tpe-
Oyer Oompmmx 3atpat sHepruu. Hanpumep, HeoOxonumo moBepHyTh opouty MC,
JBIDKYIIETOCS CO CKOPOCTBIO V 1O KPYTOBOi OpOHTE, O YITIOM O, HE MEHSISI €ro
ckopocTh. HeoOxomumplii 1151 MaHEBpa UMIYIIBC CKOPOCTH Av, UCXOIs U3 PaBHO-
OepeHHOro TpeyronbHUKA (puc. 121), COCTOSINEro U3 COCTNHEHUS BEKTOPOB CKO-
pocreii (rae vy — HadaIbHAs CKOPOCTh MAaHEBPA, Uy, — UTOTOBAs, MOCIE MOBOPOTA
OpOUTaTBFHOMN MIOCKOCTH MO YITIOM o; Av — TpeOyemasi CKOPOCTb), BBIYHCISCTCS
o gopmyre:

) .o .o
—=1,sin—, Av=2 V,sin—. (1)
2 2 2

Ecnu B Touke M HE0OX0IUMO MOBEPHYTh OPOUTATIBLHYIO ITNIOCKOCTH O] YIIIOM

90°, To, yuuTbIBas, 9T0 Av,=2v, sin 45°

Av=/2-v, ()

M3 3TOTO Cnenyer, 4To CKOpOCTh, HEOOX0oUMas JUld U3MEHEHUsI OpOUTHI CITyT-
HuKa Ha 90°, o4eHb BEJIUKa — paBHA BTOPOM KOCMHUYECKOW CKOPOCTH, U TAKOE U3-
MEHEHHE OpOUTHI COMTPOBOXKAAETCS OOJIBIINMU 3aTpaTaMH SHEPTUH.

Meton 2. Eciiu HeoOXOMUMBIN MOBOPOT TJIOCKOCTH OPOUTHI CIyTHUKA IO
OOJIBLIIMM YIJIOM BBIIOJHHUTH JPYTUM CIOCOOOM, TaK HA3bIBAEMBIM «IIE€PEXOJIOM
yepe3 OECKOHEYHOCThY, MpoIecc OyneT MATH C OOJBIION YKOHOMHEH pPakeTHOTO
TorMBa. Jleno B TOM, 4YTO, €CIIM BBIBECTH CIIyTHHK U3 OKOJIO3EMHOW KPYTOBOM

DHT
Av

Vo

Puc. 121. I3menenne opOUTHI
NC Ha yrox a.




OpOUTHI Ha TPACKTOPHIO, OJU3KYI0 K Mapaboiinyeckoil opOuTe, BBUAY TOTO, YTO
€ro CKOpOCTh B OECKOHEYHOCTH OJM3Ka K HYJIO, €ro CKOpocTh (Av), HE0OXomu-
Masi JIsl TOBOPOTA €ro IIOCKOCTH MO YITIOM, HEOOXOIUMBIM TMPH MIEPEX0/ie uepes
0ECKOHEYHOCTh, UCXOAS M3 (OPMYJIBI, TOXKE CTPEMUTCS K Hym0. B atom ciyuae
MOJTHBIM UMITYJIBC CKOpPOCTEH AV’', HEOOXOIUMBIH JIJIs1 TOBOPOTA TIOCKOCTH OpOU-
Thl CIIyTHHKAa B OECKOHEYHOCTHU IOJ YIJIOM 0O, OyJI€T COCTOATh U3 COBOKYIHOCTH
CJIEYIOLINX COCTABIISIOLINX CKOPOCTEH:

Av'= (N2, —0,) + AV + (+2v, - v,) , 3)

e TIepBasi CKOOKa — MMITYJIBC CKOPOCTH, HEOOXOIMMOM IS BBIBO/IA CITyTHHKA Ha
napaboIMYecKyro opouTy, Bropasi Av — HMITyJIbC CKOPOCTH, HEOOXOIUMOH IS TI0-
BOpPOTa CKOPOCTH B OECKOHEYHOCTH MO YIJIOM 0 (37IeCh M3-3a TOTO, 4TO Vy~0, Av
TOXE CTPEMHUTCS K HYNIO) M, HAKOHEI, TPEThsl CKOOKA XapaKTepu3yeT UMITYIIbC,
HEOOXOIMMBIH JJI1 YMEHBIIICHUS MTapaboIMnYecKoil CKOPOCTH CITyTHHKA JI0 TIEPBO-
HAYaJIbHOM CKOPOCTH Vg ITOCJIE TOTO, KaK CIyTHUK BEPHETCS U3 OECKOHEUHOCTH.
be3 coMHeHus, ecin ydecTb, YTO CKOPOCTb, HEOOXoAUMas JUIsl IOBOPOTa Op-

.o
OWTHI CIyTHHMKa I1OA HeOGoMbIIMM yriioMm, ucxoxas u3 (1), pasra 2v, smE, pu

MOBOPOTE TUIOCKOCTH OPOWTHI CITyTHUKA TIOA YIJIOM O, MOXXHO OYIEeT BBISICHHTB,
JI0 KakoW BEJMYUHBI yIjla €ro MpeAroYTUTEIbHEE MOBOpAauYMBaTh HA MECTE, HE
JKEJIM TIOBOPAYHMBATH €T0 «4epe3 0ECKOHEUYHOCTh». [IJist 3TOT0, CpaBHUB 3HAUCHUS
(2) 1 (3), MBI HaxOAUM BEIUYUHY COIMPEIECIHHOTO YIiia o

(\/EDO—UO)+AU+(\/§UO—DO)=2UO sin%. 4)

HM3-3a Toro, 4T0 AV B OECKOHEUHOCTH CTPEMHTCS K HYJIO, BHIXOIUT
20,(v2 ~1) =2v, sin% : (5)
31ech CTAaHOBUTCS SICHO, YTO o =48°54' (6)

Takum 00pa3oM, BBISCHSETCS, YTO B ATOM CIIydae HMITYJIbCHI CKOPOCTEH, HE0O0-
XOIUMBIE ISl TIOBOPOTA OPOUTHI TIOJ YITIOM O, PAaBHBI JIJII OOOUX CIydaes, MpHU
MOBOPOTE OPOUTHI MO OONBIINM YIIIOM SKOHOMHUYHEE MOBOPAaYMBATh €€ «4epes
OCCKOHEYHOCTh», U HA00OPOT, €CIIM HEOOXOJAMMO TIOBEPHYTHh OPOUTY TOJ YIJIOM
MeHble 48°54', sHepreTUUeCKH BBITOJIHEE MOBEPHYTH €€ Ha MecTe (T.€. C TTIOMO-
b0 hopmMysl (2).
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§ 72. CmycKk MCKYCCTBEHHOI0 CIIYTHUKA C OPOMTHI

CaMbIM MIPOCTBIM OpOUTATIBLHBIM MAHEBPOM CUMUTAETCS CITyCK KOCMHYECKOTO
anmapara ¢ opoutsl Ha 3emitro. TpeKTOpHIO CIycka MOXXHO pazdenums Ha mpu
yuacmka (puc. 122, 1, 11, I11).

Ilepsviii yuacmok — mpaekmopus cuudicenusi. CXof CIyTHUKA C OpOUTHI, BbI-
MOJTHSIETCS MO/ HEOOMBIIMM YIJIOM, OT TOYKH CXO/a C OpOMTHI O TOYKH BXOZA B
IUIOTHBIE ciion atMocdepsl. BepxHelt rpanumeld atMocdepsl CUMTAETCsl BBICOTA
npumepHo B 100 kM.

Bmopotu yuacmox. Ilpoxooicoenue uepes niomuvle ciou ammocgepsbi HaYMHA-
ercs Ha BbicoTe 100 kM. 31ech cIyCKaeMblil anmapaTr HUCIBITHIBAET BO3JIECHCTBUE
0O0JBIINX A9POAMHAMUUYECKUX CHUJI, B HECKOJIBKO Pa3 MPEBBIIAIOIINX CHITY TsDKE-
ctu. Ha sToM yuacTtke u3-3a cuibHOro Tpenust o6 armochepy KA cunbHO Harpe-
BaeTcs. JTO co3AaéT OOJIBIIYI0 OMACHOCTh B CMBICIIE MEPErpy30K KakK sl SKHIa-
’Ka, Tak u Ju1s kopiyca KA.

Tpemuii yuacmoxk. Tpaexmopusa KA cunvHo uzeubaemcsi k yeumpy 3emau, U
CUJIa CONPOTHBIICHUS CTAHOBUTCS PAaBHOM NMPOEKLUU CHJIbI TSHKECTH HA HalpaB-
JIeHUEe JIBHKEHHUs, oOeclieunBasi paBHOMEPHBIM ciyck ammapara. J[ias miaBHOTO
crycka (C HaMMEHBIITUM UMITYJIbcOM) Touka Bxona KA B mioTHbIe ciou atMocde-
PBI TOJDKHA HAXOJUThCS HA MPOTUBOIIOJIOKHON TOYKE CXOZla C OPOUTHI, U 3Ta Jyra
cHmkeHust oxBarbiBaeT 180°. OOBIYHO TpaeKTOpHUs HECKOJIbKO MHas, moj Oolee
KPyThIM YIJIOM, HO Yroj Bxojia He mpeBblaer 5°. IIpu 3ToM onTuManbHbINA TOp-
MO3HOU UMITynbC ¢ BenuunHON 150—-200 M/c momKeH JOKEeH UMETh U TPaHCBEP-
CaJbHYI0, U PaJHAIbHYIO COCTABISAIOLIYI0. B MOMEHT IPOXOKAEHUS Yepes3 II0T-

puy)

7

¥

s

Puc. 122. TIpouecc cnycka UC
¢ opOUTHL. 1-3 — TOPMO3HON MUMITYJIBC,
4 — cX0f1 ¢ OKPYXKHOCTH,
5 — a’poMHAMHYECKOE TOPMOKEHHUE
U NIpU3EMJICHHE Ha MapalltoTe.
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HBbIE CJIOM aTtMoc(hephl a’pOoJMHAMUYECKOE TOPMOXKEHHE YMEHBIIAET CKOPOCTh
CIIyCKaeMoro amnmapara OT IepBoi kocmudaeckoit 10 150-250 m/c.

Meron, ucnonap3yeMbIi NPU MOCAIKE, YUYUTHIBACT y4aCTHE NMOABEMHOM CHIIBI.
C e€ momoIIbl0 Harpy3ka yMEHBILIAETCs, W anmapar COXpPaHsSeT a’dpoJuHamMHuye-
CKME KadecTBa. Ecim nmpu nocaake UCnoib3yeTcsl TOIBKO CHJla CONPOTUBIIEHUS, a
NoAbEMHAS CHUJIA MOJHOCTBIO OTCYTCTBYET, TAKOM METOI Ha3bIBACTCS OQLIUCTIU-
yeckum memooom. IIpu 3TOM BClleACTBHE MEPErPy30K OOIIMBKA amnapara CHIbHO
[EPErPeBACTCS, YTO CO3aET ONPEIACIEHHYIO ONIACHOCTD JJIS KU3HU DKUIIAXKA.

Aspoounamuueckum Kauyecmeom HA3bIBAETCS OTHOLICHHE BEJIMYMHBI MOJBEM-
HOM CHJIBI K BEJIMYMHE CHJIbI CONPOTUBIEHUS. O0e BEJIMYUHBI TPONOPLUOHATBHBI
IUIOTHOCTH BO3[lyXa M KBAJApPaTy CKOPOCTH M BBIPAKAIOTCS (HOPMYIIONi:

2 2

— punon pDnon
E)OH - Cx ST: F;on = y'S
3)16CI) —Cx U Cy — KOE)q;)(bI/IHI/IeHTBI COITPOTUBJICHUS U HO}I'EéMHOﬁ CHIJIBI, S — 1io-
aab CIIyCKa€MoOTI 0 armapara, Ve — CKOPOCTH CIIYTHHKA OTHOCHUTCIIBHO BHEIIIHEN
CpEabl. TOFI[a KOS(bCI)I/H_H/IeHT k XapaKTepI/ISyIOIJ.II/Iﬁ AOPOJUHAMHNYCCKOE Ka4CCTBO

CIIyCKa ompeessiercs mno popmyiie:
k =Fron ! Feon=cy/ Cx.

Ecimu ¢,=0, To cryck Ha3bIBaCTCS OALIUCUYECKUM, De3 adPOOUHAMULECKO2O0
Kkavecmaa. Ipu a3poquHAMUYECKOM cITycke Kod(h(GHUIMEeHT Teperpy3Ku yMeHbIIIa-
ercst 10 3—4, npu OGamIMCTUYECKOM ciycke oH cocrtasisier 8—10. B wactHOCTH,
CITyCK aBTOMarnueckux cTaHUui «Coro3» OCYHIECTBISIICA C MOMOILIBIO PAaCKpPbI-
Barolieiicss Ha BbicoTe 9,5 kM mapamrtotHoi cuctembl. Ha Beicote 1 M Hag 3emnéit
cpabaThIBaeT paKeTHBIA JBHUTaTeNIb TBEPIOTO TOTUIMBA, U CKOPOCTh MPU3EMIICHUS
cHmXkaercs 10 3—4 m/c, oCylIecTBIseTCA MATKas MOCajKa.

Bonpocsl u 3aganust

Yro Takoe opOuTaNbHBIE MAHEBPHI?

. Kak Boimonasiercst MmectHoe nu3mMenenue opoutst MC?

3. B kakom ciyuyae OyneTr BbirogHbiM u3MeHenue opobutel MC uepe3 OeckoHE
HOCTb?

4. Kak Boimonasiercst cxon UC ¢ opOUTHI AJist ciycka ¢ opouThI?

Kak ymenbiaercsa ckopocts apukeHust UC Ha BTopoM ydacTke ciycka?

6. Kak Ha TpeTbeM dTamne crycka OCyIIeCTBISIETCS T0CaIKa CITyTHUKA Ha 3eMIII0?

S

o
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TEMA 37.  § 73. 3anyck kocMu4yeckux annaparos Ha Jlyny

s Toro uto6s! 3amyctuth KA Ha JlyHy, mpenBapuTeIbHO €0 HaJI0 BBIBECTH
Ha JISKAIYI0 B TIOCKOCTH opOuTsl JlyHb! (Ha BbIicoTe He MeHee 200 KM) OKoIIo-
3eMHYy10 opouTty (puc. 123). Kak ynoMuHanocs, B KOCMOHaBTHKE CPEIH MEPEXOl-
HBIX OpOWT (B HAIIEM CITydae — TPACKTOPHUS MEPEX0Aa C OKOJIO3eMHON OpOUTHI Ha
op6uty JlyHbI) MEHBIINE PHEPro3arparbl MPOUCXOAAT MPH MOJETAX MO MOIY3JI-
JUIITUYECKON TPAEKTOPHH.

ITpousBenem pacder nopoOHON TpaekTopuu moseta Ha Jlyny. Jlis sToro cHa-
yaja YTOYHUM, C KaKOH CKOpOCTBIO JToJkeH ABUrarbcsi KA Ha mepexogHol oko-
J03eMHOI opOuTe, Haxoxsmencs Ha BeicoTe 200 KM, IpUyYeM TI'paBUTALMOHHBIN
napametp 3emau K=4-10° km3/c?, paguyc HameueHHON opOuThl ¥=Rg+200 kM=
=(6370+200) km=6570 kM. CxopocTh KA Ha Takoli opOHUTE BBITEKAET U3 CIENIy-
IOLLETO BhIPAKEHUS:

K
v, = €— =7,789 km/c = 7,79 km/c.
Ry +h

Ecnn BbluucauTh OONBIIYIO MMONYOCh, CUMTAIONIIYIOCS TMEPEXOAHOM Tpaek-
TOpPUEH TMONYdJUIMIITHYECKOW OpOUTHI, MpUYeM OpOUTaNbHAS CKOPOCTHh JIyHBI
ve=1,018 xm/c, cpennnii paguyc » opoutsl Jlynsr 384 400 kM, TO TOJTy4aeTcs:

r+R,+h
a= T@ = 195485 kM.
TpaeKTOpus
¥, 10° s 6.5¢  mepexona KA s

100

6,=17,1¢

43%\» 100 000 kM 200 000 kv 300 000 KM Jlyna
a ] ] ] . ..
4 \% . m 3 00nér Jlyns
BBIBEICHHE Ha ' t .

40 1
IIPOMEKYTOUHYIO 0,5¢ \ OpOura
opbury 3emin TpaeKToOpuUs JIynsl

-100 L Bo3Bpara KA

Puc. 123. Tpaekropus noneta KA na Jlyny (u 00patHo).
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Onpenenum, KakuM JOJDKHO ObITh mpupaineHue ckopoctd KA Ha mepuree
MIEPEXO/THOM — TOMAHOBCKOW TPAEKTOPUM C Y4YETOM 3Hepruu uHTerpana. [lomy-
qaercs:

v =, |Kg = 1 ; 0y = 10,923 km/c.
Ry+h a

Ecnmu KA nomxen mepenerers Ha JlyHy HemocpencTBEHHO C MOBEPXHOCTHU
3eMaM 1O MOy IUIUNTUYECKOH opOWTe, HavyallbHAs CKOPOCTh PaKeThl JIOJIK-
Ha ObiTh 11,09 km/c. CnemoBarenbHo, s niepexona KA w3 okoimo3eMHOM mepe-
XOJTHOW OpOUTHI HA TOMAaHOBCKYIO OpOUTY, MPUPAILICHUE CKOPOCTHU TOJDKHO OBITH
Av=(10,9-7,789) xm/c=3,134 xm/c.

CKopoCTh y amoress TOMaHOBCKOM TPAaeKTOPHH BBIYHCISIETCS IO CIEAYIOMIEeH

dbopmyie:

21 ;0a = 0,187 xm/c.

r

anor

W3 storo cnenyert, uto B ciydae, korna KA mocturaer kako-HUOyAb TOYKH
op6uTsl JIyasr onHoBpemeHHo ¢ JIyHoH, ckopocth KA B oTtHomenun JIyHbl (CKO-
pocTh Bxona B cdepy aeiictBus JlyHsr) paBHa

Av=v¢ —va=(1,018 — 0,187) xm/c=0,831 xm/c.

Cxopoctbs MC (831 m/c), Bomeamiero B chepy aeictBus Jlynst (=66 000 xkm),
Ha TAKOM pacCTOSHUU OT JIyHBI BRIUHCISETCS MO chexyouei hopmyie:

2K,
R + 66000

BBuny Ttoro, uto mapabonudeckas (cBoOomHas) ckopocts MC OTHOCHTENBEHO
Jlynst Gombme 383 m/c, BHyTpH cdeprl neiictBust JIynsr UC nBmxercs mo ru-
nepOonrueckoid TpaekTopun oTHocuTenbHO Jlynbl. Ilpun mpubmmkennn k JlyHe
BHYTpU 3TON cdepbl Noj €€ BIMSHHUEM CKOPOCTh yBenuuyuBaeTcs. [[Brmxkymuiics
¢ Takoil ckopocthio MC B 3aBUCMMOCTH OT HalpaBl€HUSI CKOPOCTH IMPH BXOJIE
B cdepy Moxer Bpe3arbcsi B JIyHy (mpu CKOpOCTM HE MeHblIe 2,5 KM/C) WU
xe, o0ornyB JlyHy, MOXXeT BbIUTH U3 cepbl €€ NEeHCTBUS CO CKOPOCTHIO, PaB-
HOM ckopocTu Bxoaa B He€. Ecnu mosiBuTCs HeoOXxomumocTh mpeBpamieHus KA
B cnyTHUK JlyHbl, npu ckopoctu 1,6—1,8 kM/c Ha HEOOJBIIOM PACCTOSHUU OT
Jlynst (h=50 M), To, 3amycTUB OOPTOBOIl ABUTATENb, Y€PE3 TOPMOKEHUE MOXKHO
3aaepkath KA Ha BpamarebHOW WM SJUIMITHYECKOU OpOUTE.
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Tenepp oCTaHOBUMCS Ha MPOMEKYTKE BPEMEHH, HEOOXOIUMOM JIJIsl JOCTHXKE-
Hust JlyHbI. DTOT MPOMEXKYTOK paBeH MOJOBUHE TIEpUo/ia MoIHOro ooOpamenus KA
M0 TOMAaHOBCKOM (2JUIMIITUYECKON) OpOuTe, conpukacaromencs ¢ opouroit JlyHsl
(puc. 123). OroT nepuon, ucxonas u3 3akoHa Kerepa, paBeH:

2n
JKe
WIN e, €CIIM UCXOUTh U3 3HaUeHul Kg U m:

e

 6028,92
B 9TOM cnyqae BCJICACTBHU TOI'O, YTO BpCM?I I10JICTa fpaBHO IIOJIOBUHC HepI/IO-

T:

a3/2

min=9 cyt 22 4 56 muH.

T
na7: t=5=4cyT23q28 MUH.

TEMA 38.  § 74. TpaeKkTopum moJieTOB K IJIAHETAM.
J{BukeHue BHYTpH cdepbl aeiictBusa 3eMin

Brruncnenune tpaekropun 3anycka KA k ruianeTram — JOBOJIBHO CIIOXKHAs! 3a71a-
ya. Ho ecnn ocHOBBIBaThCs Ha TOM, YTO OHU JBMXKYTCSl BOKpYT CoHIa B ompese-
JIEHHOM IJIOCKOCTH W MO KPYTOBBIM OpOMTaM, pelleHUe 3a/auu yIporaercs. Ji-
JUNTHYECKUE OPOUTHI BCEX MBMKYIIMXCS BOKPYT COJIHIIA KPYITHBIX IUIAHET OYCHb
Onmu3ku K Kpyry. Ilnockoctu nx opOUT HaXOAATCS MOJ OYEHb MAJCHBKUM YIJIOM
M0 OTHOIICHHIO K TUIOCKOCTH OpOUTHI 3eMii (T.€. MIIOCKOCTH SKJIUITUKH ), TIOITO-
My Hallle IpeAroyokKeHre ONM3KO K MCTUHE, U B pacyeTax He OyleT 3HaYUTEelb-
HBIX OIIHOOK.

Ecin yka3plBaTh CpeHIO OTAAJIEHHOCTh IU1aHeT oT ConHuma B KWIIO-
METpax, a MX CKOPOCTh B KM/4, TpaBUTAIMOHHBIA mapamerp ConHIla paBeH
Ko=GMy=1,327-10" xm3/c?, ecnu e yKa3blBaTh CPEAHIOI OTIAJICHHOCTb Ija-
HeT oT CoJiHIIa B aCTPOHOMHYECKUX €IMHULIAX (a.€.), FPaBUTALMOHHBII apameTp
Comnnamna paBeH Ko = 887,153 (km? - a.e.)/c2.

N3ydyeHne nmacCUBHBIX TPAEKTOPUN IMOJETOB K IJIAHETAM MOJCHO noopazoe-
aumv Ha 3 yacmu: 1) nepBble CTO KUJIOMETPOB BBICOTHI: OT TOUKH CTapTa MpH 3a-
mycKe JaBurareneil 10 chepsl AeicTBus 3emin; 2) OT TPaHUIbl cPephl TeHCTBHS
3emuin 10 cephl AEUCTBUS TUIAHETHI-1IENH; 3) ABM)KEHHUE HA TpaHuLe chepsl aei-
CTBUS IUIAHETHI-LEIN. DTO O3HA4YaeT, 4To B nepBod yactu KA ABMXeTcs TONbKO
NoJ| BIUSAHUEM 3€MJIM, BO BTOPOM — MOJA BAUSHUEM CHUJIbI pUTshKkeHus ConHua, B
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TpeTBeﬁ qacTu KA ABUKETCA TOJIBKO I10A BIIMAHUCM IIJIAHCTBI-1ICJIN (T.C. BO BCCX
ydacTkax amxkeHus KA 3amgaua cBOAMTCS K PEIICHHIO 3a1aqd JByX Ten). Ecmu
SHA4YCHUSA PaINnyC-BCKTOpaA 7 IJIAHCTBI U 60J’II)].HOI7[ MMoJIyoCu eé 0p6I/ITI)I BBCCTU B
CIICAYIONTYI0 GOPMYITy HHTETpasia SHEPTHH:
_ 2 1
= |k, (--— , (1)

r a
oKkasx)cemcs, 4ymo eciu KA osuosicemest no ZQJZMOMQHWIPM’{@CKOMV 0p6ume, BbIYUC-

JICHHE €ro TEeIHOICHTPUYECKOW SHEPruM B JIO0OH TOYKE MOIYJUIMIITHYECKON
NEPEXOHON TPAEKTOPHH MPOU3BOIUTCS IO HIDKecneayromei Gopmyrne. B atom
ciydae B JH000H TouKe (C paanyc-BEKTOPOM 7) SIUIHIICA TEMOIEHTPHYECKAs CKO-
poctb KA BrrumcnsieTcs o cieayromei popmyre:

y=29,785 |21 2)
roa
3]1€Ch ¥ U a BBIPAKEHBI B ACTPOHOMHYECKUX €IMHUIIAX.

Jsuoicenue enympu cgepvl Oeticmeus 3emau. Ha yeprexxkax a u 6 puc. 124
n300pa’keHbl TPAEKTOPHs I'eIMOLIEHTPUUYECKOTO JIBUKEHUS 3€MJIM, a TakkKe Tpa-
€KTOpUU TEOLICHTPUYECKOr0 M renvoueHtpudeckoro nswxkeHus KA. Ha stom
pHUCYHKE HM300pa)X€HO TaKXke reoleHTpudeckoe aBikeHne KA BHyTpH cdepsl
neicTBust 3emin (M300paskeHO B BHUJE Kpyra BOKpYT 3emun) puc. 124, cxema I:
n300paxkeHo HarpasieHue Beixoga KA u3 cdepsl aeiicTBust 3emin, MpoU30IIe/-
miero nocie Toro kak KA, aBurasch BHYTpU cepsl NeHCTBUS 3eMIIH, TOCTHUT €&
rpanuil. IMeHHO 3a 3T0 BpeMsi 3eMJIsi BBIXOJUT U3 TOUKH E, CBOEH OpOUTHI U J10-
cturaetr Touku E;. I'eoneHTprueckas ckopocth KA mpu Beixoge u3 chepsl Aeii-
CTBUS 3eMJIM 0003HAYAETCS KAK gy, TETHOLEHTPUYECKAS] CKOPOCTH 0003HAYACTCS
KaK V.

CBsi3b 3THUX CKOpPOCTEH C OpOUTANbHOU (TEIUOICHTPUUYECKON) CKOPOCTHIO
3emiu

Vi = Vo + Vo )
OUYEBHJIHA, CY/Isl IO TPEYTOJBbHUKY CKOPOCTEN Ha pUCYHKe. 3nech KA cxomur ¢ me-
penHel cTopoHbI cepbl AeUCTBHs 3eMiTu U oniepexaceT e€ (puc. 124, cxema a).
Ha cxeme 6 puc. 124 uzobpaxeno, kak KA, craproBaB ¢ 3emiu, J0J€TaeT 10
cthepsl e€ geiicTBus. 3eMilst TOXOAUT U3 TOUKH E, cBoeit opOUTHI 10 Touku £, KA
nokuaaeT cepy ASHCTBUSA ¢ 0OpaTHOM CTOPOHBI U OTXOAMUT OT 3emuu. Eciu Ha
BepxHel cxeme KA craproBai, HaleIMBIIMCh HA BHEIIHIOK IUIAHETY, TO HA HHUX-
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a) 0) 5
Qb‘ IleﬂCTB ug 36]‘4_}]11

JIEHHUE K
ConHny

Opbwura

3eMiIA .-~ =-
L EO \\

4

N \
V - r/m.lx \\-_,’
3 -
% Hampas Acumnrora
Vgpix BBIX JICHUC K
Comnnity
Puc. 124. Jlpwienne KA B cdepe Puc. 125. BO3MOKHBIE TPACKTOPUH JJIS
IPUTSKCHUS 3eMIIn: a i O (BBEpXyY) — nonéra KA Ha miaHeTsl Ha MpaHMIe
MoJET HA BHEITHHUE TUTAHETHI; @ U O (BHU3Y) cdepst peiictsust 3emmn (1, 2, 3 —
b b
CXEMBI MOJIETOB Ha BHYTPEHHHUE TUIAHETHI; rHIIepGOPHHECKas TPACKTOPHS
2
@) TEOLIEHTPUYECKAs, O) TeTMOIEHTPHUYECKAS 4 — TPAEKTOPHS 1O TPMOIH JTHHHH.
TPAEKTOPHH.

HEl cXxeMe OH B3JIeTell, HalEIUBIINCh Ha OJHY U3 BHYTpeHHUX IutaHer (Mepky-
puii, Benepa). 1 B aTux ciayuasix TOCTUTHYTasi ckopocTb KA HamisgHO BHIIHA U3
TPEYroJIbHUKA CKOPOCTEM:
Vi = Vo = “)

ITo mepe ynanenust KA ot 3emnu ero ckopocts ymenbnaercs. Ckopocts KA
Vs HA MOMEHT TOAXOAA K TpaHulle chepsl IeHCTBHs 3eMIN OTHOCHTEIHHO Ha-
YaJIbHOW CKOPOCTH (Vo) BBIYHCIISETCS C MOMOMIBIO (POPMYIIBI HHTErpaia SHEPTHH
CIeAyomuUM 00pa3oM:

2K 7
2 A2 @D 0
UBLIX _UO - 1-— (5)
4 T3
2 .2 .2 _h 5/
A UBLIX _DO Dnap ) ( )

31ech: 1o = Re paanyc 3eMild; 7ep — paauyc chepbl 1eHCTBUS 3eMITH.
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B cBs3u ¢ TeM, 49TO 73>>Re, JAHHOE BBIIIC BBIPAKCHHE MOXKHO H3JIOKHUTh
CIIETyIOIIMM 00pa3oM:

2 =p2-Ke (6)
BBIX 0 R
®

W3 srtoii popmynsl ciemyer: B CBA3M C TeM, 4TO B cdepe HEHCTBUS 3eMIiH
V0> Vpap, (TAK KaK pakeTa HE CMOXKET MOKHUHYTh 3€MJII0, €CJIM HE OYIET Vo> Vpap)
tpaekropusi KA BHyTpu cepsl neiictBust 6epercst kak runepoonundeckas. B naH-
HOM clly4ae JijIsl HampaBIsSoMIerocs K riaHere-uenn KA He TakBaXHO, U3 KaKOU
TOYKH OH MOKHUHET cepy JACHCTBHS, HO BAXKHO, B KAKOM HAIPaBJICHUH U C KaKOU
CKOpPOCTBIO OH 3TO CJEJIaeT.

JanHas cxeMma (puc. 125) HamIAHO TOKA3bIBACT, YTO MPH IMOJIETaX K IJIaHETaM
CYIIECTBYeT OECKOHEYHO OIPOMHOE KOJIMYECTBO TMOJOOHBIX THIEPOOIHMUECCKUX
TPACKTOPUH ¢ ONpeeIEHHBIM HAIPaBICHHEM M TOYHOW CKOpocThio. Kpome 3to-
ro Ha CXeMe MOKa3aHOo, YTO MPH IMOJIETaX Ha ITUIAHETHI CYIIECTBYET €IMHCTBEHHAs
TPAEKTOPUS B BUJIE MPSMOUN JTUHUH, OCTAJIbHbBIE SIBISIOTCS TUIEPOOTUYECKUMU 110
OTHOIICHHIO K 3eMJIe TPACKTOPUSIMH.

UszIX = U%) - Uznap nim v

Bomnpocsl u 3axanust

. Ha kakue yactu genuTcs npu M3yYEHUH [TACCUBHAs TPACKTOPHS IMOJIeTa Ha IUL
HETHI?

. Hapucyiite uepTéx paznnuns reOHeHTPUYECKONW U TeIMOLEHTPUYECKON TPACKT:
puu nonéra IC B chepe Bimussans 3emun.

. Bonpieii nim MeHbIel cauTaeTcsi CKOpocTh MexIuiaHeTHOTO KA B cdepe B
HUs 3eMJIN 110 OTHOLIEHHUIO KO BTOPOM KOCMUYECKON CKOpOCTH?

. Ilo xakoli KpUBOW OCYIIECTBIISIETCS] TEIMOLEHTPUYUECKAsl TPACKTOPUs MOIETa
BHEIIIHHUE IJIAHETHI?

TEMA 39.  § 75. lloseTsbl 10 TOMAHOBCKUM OpPOMTaAM

ITpencraBum, 4YTO OPOUTHI MJIAHET MOXOKU HAa KPYI, a IUNIOCKOCTh 3THX OpOUT
COBIA/IAET C IJIOCKOCTBIO JKJIMNTHUKHU. TpaekTopus, MO KOTOPOH MEXKIUIaHETHas
aBTOMATU4YECKasi CTAHLUS JOCTUTAeT HAMEUEHHOM IUIAHEThI, HAa3bIBAECTCS nepexoo-
Hou opoumoti. JlanHble OpOUTHI HA3bIBAIOTCS TOMAHOBCKUMH WM TOJY3JUIMIITH-
yeckuMu. [Ipy TOUHBIX MapameTpax HayaJlbHOM CKOPOCTH 3TH OpPOUTHI SBISIFOTCS
HanOoee SKOHOMUYHBIMU IO HEprosarparam, T.K. npu 3amycke KA k BHeIIHUM
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A (adenuii) OpOuta

Ilepexonnas

TPaeKTOPHSI
T'omona
Opbura
IOmnurepa K
OpOuta
Opbura (mepuremnuii) 3emmn
3emiu a)

Puc. 126. Ilonet mo roMaHOBCKOM TPAeKTOPUH. @) K BHELIHUM IUIaHETaM;
0) K BHYTPEHHUM OpOHTaM.

iaHeTam aenuii mepexoaHOW MOMYIUIMITHIECKON OpOUTHI COMPHUKACAETCS C
opOWTON BHEIIHEW TuTaHeTHI (puc. 126, a), a mpu MoOJEeTax K BHYTPCHHUM TUIaHE-
TaM TEPUTeINN TEPEXOAHON MOMYILTUITHYECKOW OpOUTHI COMPHUKACAETCS C Op-
OuTOl BHyTpEHHEH maHeTsl (puc. 126, 6).

Ecnu npu nonere kK BHEIIHUM IUIAHETAM MMITYJIbC MPHUPAILEHUS CKOPOCTH, 3a-
JAHHBIN B Touke P opOuTHl 3eMii, UMEET TO K€ HalpaBJICHUE, YTO U JBMKCHHE
3emiH, ¥ TIpU ATOM Ha BBIXOJIE reironeHTpudeckas ckopoctb KA — V> Vg, 3Ha-
yuT KA HampasieH Ha OAHY M3 BHEIIHUX IUIaHeT. Eciu ke 3a1aHHbIi B TOuke P
OpOUTHI 3eMJIM UMITYJIBC IPUPALIEHHS] CKOPOCTH HAMPAaBJIEH B MPOTUBOIOJIOKHYIO
OT CKOpPOCTHU 3eMJIM CTOpOHY, 3HauyuT KA HampaBieH Ha OAHY W3 BHYTPEHHHX
IUTAHET, ¥ €ro reJIMOLEHTPUYECKasi CKOPOCTh MEHbIIE cKopocTu 3eMin. CKOpocTh
nonieta KA mpu Bbixone u3 chepsl aeicTBus 3emiid, He0OOXonuMas Ajisi mepese-
Ta K ONpPEACICHHOW BHEIIHEH IUIAHETE, CBA3aHA C HAYaJbHOM Vyyux OT MTOBEPXHO-
CTU 3€MIJIH CKOPOCTBIO Rg << ry; McXoas U3 3TOro, 3Ha4€HUE Vg, BEITEKAIOIIEE U3

dbopMyIbI
2 [ 2 2
DO = DBLIX + DOCB 4 (1)

obecrieunBaeT KA nBIKEHHE IO TEIMOICHTPUYECKOW TIEPEXOIHON OpOuTe, CO-
MpHUKacaronieics ¢ opouTamMu 3eMiId 1 HAMEUCHHBIX TIAHET.

Takue OpOWUTHI HA3BIBAIOTCS COMAHOBCKUMU WIIA NOLYIIAUNMUYECKUMU Op-
oumamu. Kak BUIHO W3 4epTeka, TCOLNCHTPUIECKAsT M TeIMOICHTPUYECKAs CKO-
poCTH BhIXOAa U3 cephl NEHCTBUS 3EMITH 10 TOMAHOBCKUM OPOUTAM Vgux U Vi
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HMCIOT OJIMHAKOBBIC HAITPABJICHUA W HAXOOATCA APYyT C APYTrOM B CIICAYIOIIUX OT-
HOIICHUAX:

IS BHEIHUX TIJTaHET Viix = Vaux — Vo ; )
JUIsL BHYTPEHHHX TUIAHET Vo= Ve — Vs 3)

HJIN K€ B 06H_ICM MMOPAAKE B BUJIC BEKTOpaA

o, =V ~V,. 4)

BBIX ' BBIX

B 1aHHOM ypaBHCHHH 3HAYCHHE CKOPOCTH Vi TIO UHTETPATY SHEPTHH MOYKHO
OTIPENIENUTh 10 NaHHOU (hopmyrie:

2 1 5)

a

Vi =4/ Ko R
®op6
B nannom ciyuae: Ko — rpaButannoHsbiii napametp CoiHIA; a — 3TO 601b-
was nonyoch TOMaHOBCKOM OpOUTHI (MTOMY IITUITUYECKON OpOHTHI). Boruncmsercs
OHa IO JTaHHOW (hopMyrie rie, UCXOns U3 YpaBHEHUS
a= R@op6 "; Rnﬂ.0p6. (6)

BrmceiBast 3HaueHue a 6 (5), B OTHOIIEHUU Vi MBI BBIXOAMM Ha CIIEAYIOIIEE

R
YPaBHCHHUC — 2KO . w1.0p6 , (7)
BBIX
R@op6 R(—DopG(R@op6 + er.op6)
3ACCh UCXOAA U3 YPAaBHCHUA

2K/ Ry, s =~2V, = 42,122 xuic (8)

Ecnu pannycbl opOUT IIIaHET yKa3blBaThb B aCTPOHOMUYECKUX M3MEPEHMSIX, Vi
paBHoO:

V.. =42,122

BBIX

)

Ecnu ke MbI 3aXOTHM BBIUYMCIIUTH BpeMs IOJIeTa IO TOMAaHOBCKOM opOuTe, TO He-
TPYAHO TOHATH, YTO MPHU HAMOIHEHHUU SIUIMIICAMHU TOYJUIMOTHYECKOW OpOUTHI
OHO OyzneT paBHO MOJOBHHE nepuona BpameHuss KA no mannomy smmuncy. Cre-
JIOBAaTEIJIbHO:

3
Z T R®Op6 + er.op6 . ( 1 O)
2

el e
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Ecnm paccrosiHue ykaspIBaTh Kak a. €., @ BpeMs UCUUCIISITh KOCMUYECKUMHU IO-
JlaMy, I OJHOTO IOJIHOTO Mepuoja BpalleHHus 3emiu BOKpyr CoiHIa MOXHO
OyZeT UCIONIb30BaTh BhIPAKEHUE:

_2n 3
T—\/a\/; (11)

1= 2% P wm K, =27 (12)
JKo
Hcxons u3 3T0ro0, BpeMs mojieTa K ONpeIeICHHON MIaHeTe 10 TOMaHOBCKOM opOu-
TE OIpeAessieTcs Mo cieayroeil popmyne:

\/_
trom = ?2 V (1 + R11J1.0p6)3 = 0’177 V (1 + Rnn.opﬁ)3 (13)

JlanHOE Bpemsi OyleT BBIPAKEHO B KOCMHUYECKHX Tofax. Ecim mbl OymeM yka-
3bIBaTh Ryops KaK a. €., @ KOCMHYECKHE TOIbl B CONHEYHBIX cyTkax (1 3.r. =
=365,256236 cpeqHUX COJIHEYHBIX CYTOK), BpeMs mojieTa OyieT paBHO:

" BBISICHUTB, UTO

3
Loy = 64,569 (1 + er.opG) CYTKaM. (14)

Jly1st ToMaHOBCKHX OpOUT yroil yaaneHHocTd P oT Touku A paseH 180. VYrom,
1071 KOTOPBIM BO BpeMs cTapra pakeTsl MpoxoAsaT juHuu or ConHia K 3emie u
HaMEUYEHHOH IJIaHEeTEe Ha3bIBACTCS y2loM KoHgueypayuu \y, JAaHHBIM yToi orpese-
JISIETCS CIEYIOIINM 00pa3oM:

y=180°—aq. (15)
3nech o — Ayra, KOTOPYH JIOJbKHA MPOWTH HAMEUEHHAasl IUIaHEeTa 10 TOro Kak
oHa BcTpeTutTcsa ¢ KA B Touke A coOCTBeHHON OpOUTHI. BHElHs MaHeTa, JBU-
raromascs ¢ CyTOYHOM YITIOBOM CKOPOCTBIO (y;, MPOXOJUT JAAHHYIO AYTY 32 frow
BpeEMS, T.€. 0= * troy. HaliJIeHHAs! MCXOJIl M3 STOTO Jyra BHEIIHEH TIaHeThl OyneT

paBHa jayre K71, n300paxeHHOU Ha puc. 126, a. Bo Bpems cTapra mpu mojiere K
BHYTPCHHEH TUIaHETE JaHHAs IJIaHeTa HAaXOMUTCS Ha Touke K' cOOCTBEHHOU Op-
outhl, a yron o 6ombine 180°, Mo 3TOM MPUYMHE Y CTAHOBUTCS OTPUIIATEIIHHBIM.
VYron y u Bpems, NpolIeaIee MeX1y MOMEHTOM Hax0oXJI€HUs BHYTPEHHEH Iia-
HETHI BO BpeMs HauyalbHON KOH(HUryparuu (T.e. BO BpEMs CTapTa) fy 10 MOMEHTa
KOT/Ia TJIaHEeTa «JOTHalla» 3eMJII0 U OKaszanach Ha juHuM 3emiust — CounHie (T.e.
HW)KHETO COEIMHEHHUs) WM K€ BpeMs T, MpOoLIeAlee, MOKa 3eMJs «JoTHajia
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BHEIIIHIOIO TUTAHETY W OKaszajach Ha jJuHuu ConHile-tuianera (T.e. B MPOTHBOIO-
JI0O)KHOW CTOPOHE) BBIYUCIISIETCS MO0 clieaytolieit Gpopmyre:

v, (16)
0‘)(-9 - O)rm

T=

31ech Wg U My, — CyTOUYHBIC YITIOBBIE CKOPOCTH 3€MJIM W IUIaHeThl. J[st mro0oit
TUTAaHETHI TIEPUO]] BO3BPAIIICHUS MOMEHTa NEPBOHAYAILHOW KOH(HUTYpaliu paBeH
e€ CHHOIMYECKOMY TIEPUO/Ty M BBIYHCIISICTCS 110 CIICAYIoUIeH Gpopmyre:

Psin:Pnn : P€B/|Prm _P€B| (17)

TEMA 40.  §76. IBH:KeHHEe KOCMHYECKOI0 anmapara
B cepe aeiicTBHUA IUIAHETbI-LEH

Jns Berumcnenust tpaekropuu noiera KA BHyTpu cdepbl neiicTBus mia-
HEThI-LeNN TpHu AocTikeHuu KA naHHOW TUlaHeThl criepBa HYKHO BBIYMCIIUTH
TeITUOLICHTPUYECKYIO CKOPOCTh (V) BXOXKIIEHHUSI JBMXKYIIETOCS 110 TOMaHOBCKOM
tpaektopuu KA B cepy neicTBus 3TOH TiaHeTsl. [[j1s 3TOro B KauecTBe rejimo-
LEHTPUYECKON CKOPOCTH BXOXKJEHHsI B cepy NeHcTBUS IIaHEThl OepeTcsi CKo-
poctb npubnmxenus KA k mnanere-uenu. s Buemnux mianet (Mapc, FOmurep,
CarypH u apyrue) ckopocth npudmmkenuss KA MeHbie opOUTaIbHONW CKOPOCTH
JMAHHBIX TUTAHET, JUIsl BHYyTpeHHux Tutanetr (Mepkypuii, Benepa) ckopocts mpu-
ommxennst KA 6onbire ckopoctu mianeT. MmenHo moatomy KA Bxomut B cdepy
JEHCTBUSI BHEITHUX TUJIAHET C MepeHel CTOPOHBI, a B cepy NeUCTBUS BHYTPEH-
HUX IUIaHET — ¢ oOparHoi. Tak kak cdepsl IEHCTBUS TUTAHET CIUIIKOM MAJIbl 110
CPaBHEHUIO C MacHITadaMH MEPEeXOIHBIX OPOUT, MO)KHO pacCMaTpHUBaTh CKOPOCTh
Bxoxkaennsa KA B chepy aeiictBus mumaneTs! (Veu), Kak JeKallylo Ha OIXHOM mpsi-
MO JIMHUH C HalpaBICHUEM OpOMTAIBHOW CKOPOCTH IUiaHeThl. [IoHsATHO, 4TO B
ATOM Cllydyae MEX]y IJIaHETOUEHTPUYECKOH BXOJHOU CKOPOCTBIO Vgy, T'€ITHOLIEH-
TPUUYECKOW BXOIHOM CKOPOCTBIO Vi, M OpOMTANBHOW CKOPOCTHIO TIAHETHI-IIEIH
Vix CYIIECTBYET CIIEAYIOIAs CBsI3b. 31E€Ch Ul BHEIIHUX IUIAHET:

Vex = Vi = Vs, (1)
a JUI BHYTPEHHHUX ILIAHET (371€Ch CKOPOCTH Vyy, Vax U Vi IApAILIEBHBI IPYT APYTY)
V= Vax — Vi (2)
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B LCJIOM IJIA JaHHBIX BCIIMYHWH IMOAXOAUT CIICAYIOIIAasA BEKTOPHAA CBA3b:

Vp= Voo~V 3)

[InaneroneHTpuYecKast BXOAHAS CKOPOCTh Vg OOJIbIIIE MapadOIuyYecKOl CKO-
pOCTH ISl 9TOM TUIAHETHI, TTOITOMY, €CJIU, OMYCKAasCh B HAIPABICHUU TIJIAHETHI,
KA He BcTpeTHuT €€, uepe3 onpeAeicHHOE BpeMs OH MOKHHET 3Ty cepy IMiIaHeThl
CO CKOPOCTBHIO, PaBHOM CKOPOCTH BXOXACHUS B chepy AeicTBUI. B KOcMOHaBTHKE
pPacCTOSTHUE MEXKTy MPOI0JKEHUEM BEKTOpa CKOpOCTH mepeceueHus KA rpaHuiibl
JICUCTBUSI TUIAHETHI U MPSIMOM JTMHUEH, TPOBEACHHOM OT LIEHTpa IJIaHEThI Mapali-
JICNIBHO JTAaHHOMY BEKTOpPY, Ha3bIBACTCSI 3HAKOBbIM paccmosiHuem d,. B 3aBucumo-
CTH OT TOTO, OOJIbIIIE €T0 BEJTUYMHA WM MEHBIIE, YeM 7, — dQPEKTUBHBIN paau-
yC, OTHOCUTENbHAS MPOJIOJIKUTENIBHOCTh TpaeKTOpuu KA OTHOCUTENBHO MIIAHETHI
BHYTpPHU cepbl ACHUCTBUS BEIYUCISETCS 10 CIEAYIOIIeH Gopmyre:

2 2Krm
ra(b = er D2 + er (4)

BX

Ecnm ona okaxercs menslie 3dexkruBHoro paauyca, KA oOs3arensHo yna-
putcs o maHery. Eciin jke okakeTcsi OOJbIIe YeM 7y, KA, yMeHbIas CKOpOCTb,
OyAeT TOPMO3HTH JI0 TEX HOpP MOKA HE MOJOUIET OIU3KO K IOBEPXHOCTH IJIAHETHI,
3TO BBICOTA /i OTHOCHUTENBHO MOBEPXHOCTH IIaHeThl. CkopocTh KA Oyner ymeHb-
IIE€Ha JI0 3Ha4Y€HUs1, BBIBOJAUMOTO 110 (opMmyIie:

U:Knn/Rnn+h (5)

[Ipu cobmonenun >tux ycnouih KA mnpespamaercs B UC miaHeTsI-enu u
IpU HEOOXOAMMOCTHU CITyCKAETCsl Ha MOBEPXHOCTH TIIAHETHI.

BOl'lpOCI)I H 3aJaHusA

1. Kak ompenensiercst craproBas ckopocth KA mpu noctixeHuu cdepbl BIUSH
IpH NOJIETE ¢ 3eMJIM HA BHEIIHION ITUIaHETy?

. Kak ompenenstorcst BeMUuHbI resMoleHTpudeckoil ckopoctu KA mpu BBIXO
u3 chepbl BIUSHUAS 3eMJIM U TeMOLEHTpUYecKoil ckopoctn KA mpu BXoze
cepy BIUSHUSA MIPEIOIaraeéMon TIaHEeThI?

. bornpmie niam MeHblie BTOPOH KOCMHYECKOH CKOPOCTH OyAeT cTapTroBas CK
pocth KA, ocymiectBisiomero moiér ¢ 3eMin Ha TIIaHEThI?
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Ilpunoocenue

ACTpOHOMH‘IeCKI/Ie KOHCTAHTbI

OKBaTOpHANBHBIN paanyc 3eMiH
[NonsipHbIi paguyc 3eMan

Cpennuii paguyc 3emin
[TpomomKUTENBHOCTD 3BE3IHBIX CYTOK
Cpenssist MPOIOIDKUTENLHOCTD COJTHEY-
HBIX CYTOK

[IpomomKUTEeNLHOCTD ro/1a (B CPEITHEM)

3BE3MHBIN TOX
Cunomguueckuii Mecsar, 299,5306=29412044m3s

[IponomKuTeTbHOCT Mecsia (CpeaHsis)

3BE3IHBIA MECHI]
Mecsn npakoHa

Tponuueckuii rox

6378,16 km
6356,78 kM
6371,03 km

23056m45,091 cpenHero COMHEYHOTO BPEMEHHU

24h(03m56s,555 3BE3MHOTO BPEMEHHU

3654,2422=36595"48m46
3654,2564=36596"910s

274,3217=2747"43m12s
2742122 =274505m3 6

Ceenenns o CojrHIe

ConHeYHbIN napaiakce

Cpennee paccrostaue ot 3emtn 10 ComHIma
HuameTtp

[Inomane MOBEpXHOCTH

O0Bvem

Macca

CpenHsis III0THOCTh

YckopeHue cBOOOTHOTO TaICHUS
[Tapabommaeckas (KpUTHIECKAsT) CKOPOCTh
CHHOIUYECKH TePHOJT BPAIICHUST TOYKH IKBATOPA
Connia

Haxuon skBaropa ComHIIa K SKJIATITAKE
CpenHee 3HaYCHHUE COTHEYHOM MOCTOSTHHOM
OHeprus 00MIero W3ITydeHus], BBIIEIIEMOTO B
€/IMHUILYy BPEMCHH

Amnexc nmxkenns ConHia

CxopocTtb o6parnienns CoiHIla BOKPYT [EHTpa
lanaxkruku

8,794"

149 600 000 kM
Do=109,12De=1391016 xm
So=11930S¢=608,7 - 10'0 km?
Vo=1303800Ve=1,412-10% cm3=
=1,4-10'8 kM3
Mo=332958Mg=1,99 - 10° kr
po=0,255 pe=1,410 r/cm?
16=2,738-10* cm/c?

V mp=617,7 kM/C

Hem=21E273

7°15" 00"
W=1,388 - 10¢3pr/c cm?
3,88 - 103 apr/c

a=18200m, §=+30°
240 km/c
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ITepron obpamenwss CoyHITa BOKPYT IIEHTPA T=200 mutH et

lanakruku
CamMblii OOJIBIION BUAMMBIN YITIOBOUM THAMETP 32'35",78
ConHna
Campblif MalleHbKU BUIUMBINA YITIOBOU TUAMETP 31'31",34
ConHia

Caenenns o 3emie
Macca 6-10*
OKBaTOpHAIbHBINA pagnycC 6378,160 km
VYroBasi CKOPOCTh BpallleHUs 3eMIIU 15,041 ¢!
JIuneiiHas CKOPOCTh TOYKH IKBATOpPA 465,119 m/c
JIuneliHas CKOPOCTh TOYKHU HA IIUPOTE P 465,119 cos ¢ m/c
Hawnbomnpmas ckopocTs (B IEpUTEITIH) 30,27 xm/c
Hanmvenbimast ckopocTh (B adenmmn) 29,27 xm/c
Yekopenne 3emuu k ConHIy 0,59 cm/c?
Yckopenne cBOOOIHOTO MaaeHHs Ha 3emiie 980,665 cm/c?
[lepuon obpamenust ocu 3eMi BOKPYT OCH SKIUITHKH 25725 ner

(c yu€rom mperneccun)
Koopannarer CeBepHOT0 reOMarHUTHOTO TOJIFOCA

Hanpsk€HHOCTH 1M0J1s Ha T€OMarHUTHBIX TIOJF0CaX

Caenenns o JIyne

CpenHuii CyTOYHBIN TOPU3OHTAIBHBIN MTapauIake
Cpennee paccrosiaue ot JlyHsl 10 3emin
HawnGonpmmmii BUANMBIA YIIIOBOW THAMETP
Haumenbimii BUIUMBIA YIJIOBOH JHUaMETp
Huamerp

O0BEM

IToBepxHOCTB

Macca

Cpenssist IO0THOCTh

170

¢="78° c.m.,6; A=70°,1 3.71.
0,63 Opcten

572",61

384467 kM

33'32"

2920"

3476 xm=0,27234 dg

2195,3 - 107km*=0,020266 Vg
3,791 - 107 km2=0,0743 Cq
7,35-102xr=0,012300 mg
3,350 t/em®*=0,607 po



YckopeHne cBoOOTHOTO TIa/ICHUS
Kputnueckasi CkopocTh (2 KOCMUIECKast CKOPOCTBD)

CpenHuii HaKJIOH JTYHHOH OpOUTHI K SKIUITUKE (YTo
HaKJIOHA U3MeHsieTcs ot 6°31' mo 6°51")

Yactp nmoBepxuoctu JIyHbI, HE BUAUMAs C 3eMIIH
CpenHsis BUguMast yrioBasi CKOpOCThb

Cpennsist CKOpoCTh ABMKEHUS 110 OpOuTe
Ycxopenue JIyHsr k 3emite

Cunepudeckuil IepuoJ], paBHBIA EPHOY BPALICHUS
JIyHbl

CuHOAMYECKUHN TIEPUO
Temnepatypa Ha JIyHe B monieHb

Temneparypa Ha JIyHe B IIOJIHOYb

1,623 m/c?
2,38 km/c
6°40',7

0,410
12°,15
1,023 xm/c
0,272 cm/c?
27,32 cyTok

29,53 cyTok
+120 °C
—150 °C

Ceeaenns o mjiaHerax

= 1 ! —_

2 _ 23 = w2 S
= =3 §§A Macca ER R = £
= E¥ 8 38 2 222 g X Fz5
) T ap % © % °© Q S
= = 9 S 9= - = ©]
< e 2z 8 e = = A = 5 2 -
s o= g =E 5 Szxg £38 Z2iz
= E e 2ol ® = =58 =& o &

f = gi s PR 2= g2 S ¥

1 v =)

A O = = 2]

Mepxkypuit 2439 57,91 0,055 0,330 58d,65 43 874,97
Benepa 6052 108,81 0,816 4,872 243d,16 10,4 22447
Semis 6378 149,60 1,000 6 23h56m04s 11,2 365426
Mapc 3396 227,94 0,107 0,639 24h37m23s 50 6864,98
Onrep 71492  778.5 317,84 1900 9h5(Qm 59,5 4332459
CarypH 60268 1427 95,17 568 10h14m 36,2 107759421
VYpau 25559 2875,03 14,59 87 —17%42m 21,3 306854
Henryn 24764 45544 17,25 103 1 5h57m 23.5 601884

OponTniibHast
CKOPOCTH (KM/C)

I
oo
(e}

W
9]
S

b

30,0
24,1
13,1
9,6
6,8
5,5
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COJIEP)KAHME

BBEJIEHUE ..ottt ettt sttt 3
TEMA 1. § 1. Uro uzyuaer actponomusi? Vctopus e€ pasBUTHS U CBSI3b
C IPYTHIMU HAYKAMI .....veuvtentettentenseentesteensesteessesseeasenseessesseessensesssensesssensesneensesseensens 3
YACTbH I
I PA3JIEJI. OCHOBBI TIPAKTHYECKOM ACTPOHOMMHA
TEMA 2. § 2. CyTouHO€ BUANMOE JABMKCHUE CBETHIL. CO3BE3IUS «.eeeveveeneeeaeeieaneeeannen. 6
§ 3. JloxazarenscTBa BpameHus 3eMiIi BOKpYT cBoelt ocu *. MasTHUK DyKo .......... 7
§ 4. HeGecnas cdepa, €€ OCHOBHBIE TOUKH, KPYTU U JTHHH . .....c.vveereeerreeeeennnenneenneeens 8
§ 5. Bunumoe ronnunoe ABUKEHNE CONMHITA. DKITUTITUKA .oeeevvvveeeereereeeesereeeesnseeennns 10
TEMA 3. § 6. HEOCCHBIE KOOPIHHATDL.........eeteeeeeanreeneeeseenseesnreeneeeseessnesneesnsesnseesseesses 11
§ 7. 3BEBITHBIC KAPTBI ..eeeeuvvveeererreeeesirreeeasiereeeasssseeeasssseessnssseessssssesesssssesessssseesssssseesnnns 13
§ 8. BUIUMBIE 3BE3THBIC BEIIUMUMHBL * .......viiiieivieeeeieeeeeeiteeeeeeiteeeeeeeteeeeeeeareeeeeianeeeens 14
TEMA 4. § 9. Cea3b Mexy BbicoToi [Tomoca mupa u reorpaduueckoit
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CaeieHUs 0 COCTOSIHUM Y4eOHMKA BBIAAHHOIO B apeHAy

IMognucey Ioanmucn
damuius, Cocrosinue
o KJIAaCCHOIo Cocrosinue KJIAaCCHOI0O
UM VY4yeOHblii | yueOHUKa
Ne PYKOBO- yueOHUKA PYKOBO-
Y4€HHKA roa npu
JAUTEIA nmpu caiave AUTEJIA
MmoJTy4YeHUuHn
1
2
3
4
5
IIpu caaye yyeOHMKA KJIACCHBIA PYKOBOAUTEIb OLCHUBACT
€ro COCTOsIHME 110 IMoKAa3aTeJIAM, 3aII0JITHAA Taﬁ.lmuy:
Hosoe Cocrosinue ydeOHUKa, MMOJTYYEeHHOTO B TIEPBBINA pa3
O06noKa B XOpOILIEM COCTOSTHUM, NeperuieT 1enblil. Bee
Xopouree
CTpaHMIIbl B HAJTMYUH, HE TIOPBAHbI U HE UCITUCAHBI
OO6noka HEMHOTO IMOBPEXKICHA, MEPEeIviET KHUTH
HapylleH TOJIKA CTpPaHULl 3arHyTbl, HEKOTOpPbIE
YinoBierBopuTeabHOE Py oY PaHuIl YTBL, p
CTpaHuLbl ucnucaHbl. OTOpBaHHBIE CTPAHMIIBI 3aHOBO
IIPUKJICEHBI.
OO6noxka ucnucaHa u MopBaHa, NEPeryIET OTCYTCTBYET.
IL1oxoe MHorue cTpaHulbl NOPBaHbl, HEKOTOPBIE OTCYTCTBYIOT.
Y4eOHUK HE NOJUIEKUT BOCCTAHOBJICHHUIO.




