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COAEPXXAHME

BeepeHue

BeeneHne B acTpoOHOMWKO
AcTpomeTpusa

HebecHaa mexaHuka

CtpoeHne ConHeyHon cucTemsl
AcTpodum3rka U 3BE3QHAR aCTPOHOMMUA
MneyHblin MyTe — Hawa lanakTunka
FanakTuku

CtpoeHne n asonwouma BceneHHOWN
CoBpemeHHble npobnembl aCTPOHOMUMK
OtBeTbl K 3apadam

MpunoxeHue

3agaYyHMK ABNSETCH COCTAaBHOM 4acTbio €AMHOro Komniaekca «AcTpo-
HoMusa. 10—11 knaccbli». C ero NOMOLLBLK Bbl CMOXETE Ny4ylle YCBOUTb
n otpaboTatb BECb Marepuan HOBOro kypca acTpoOHOMWK, BBEAEHHOrO B
lukonbHoe o6pasosaHne B 2017 rogy. MNpeacrtaBneHHbli Matepuan pas-
OeNneH No YPOBHIO C/IOXKHOCTU Ha TPW rpynnkl. 3agjayvn nepBoro YpOoOBHHA
HaueneHbl Ha NPOBEPKY 3HAHMA, MONYYEHHbIX Ha 3AHATUSX U NPWU U3y4ye-
HUW y4eBHOW nutepaTtypbl. Ons pelweHus 3apady BTOPOro YPOBHA CNOX-
HOCTU HeobXxopMmMo NpUMEHEeHue GU3NKO-MaTEMAaTUYECcCKoOro W noruye-
CKOoro martepwana. 3agaHus TpeTbero ypoBHA — Haubonee CnoXHbIe.
Onsa ux peweHna Heobxogumbl cBobOaoHOE BNageHWe marepuvanom U
aHanuTuyeckue cnocobHOCTK, BaxHble ans Byaywero uccnepoearens B
pasHbix obnactax Hayku. YacTb 3a4aHuiA cBA3aHa C aHanM3oM KapTt
3Bé€3gHoro Heba n ¢otorpaduin HebecHbix 0ObLEKTOB. 3apaHns OxBaTbi-
BAlOT LUMPOKWUIA CMNeKTP acTPOHOMWYECKMX BOMPOCOB: OT MNPU3EMHOro
KOCMOCa [0 KOCMOMOrM1M — Hayku O pas3suTuM Bcel BceneHHon kak
€OVHOro uenoro.




1:11.

1. BBEEAEHME B ACTPOHOMMIO

HasoBute camylo ApKyl 3Be3ay 3eMHoro Heba.

Hawa [lanaktunka coctout 3 100 munnunapaoe 3Be3n, QOpMUPYHOLLLMX
20% eé macchl. OueHnte 00wyo mMaccy lanaktiknm B KUNorpammax.

Onpegenute paguyc lanaktukn Mneydbld lNyTb B KMNomeTpax.

CurHan ¢ nocnaHuwem O HaleWw UMBUAM3aLMK OTNPaBunuM B CTOPOHY La-
posoro ckonneHua M13. Koroa MOXHO oXxupaTb OTBET?

N3 BewectBa ConHua cpenany nNpPoBONOKy auamerpom 1 MM, He wu3-
MEHSS €€ CpegHil NNOTHOCTb. [OoTAHeTCs nu 3Tta NpPoBOSIOKA U3 LEH-
Tpa Ao kpas lanaktnku?

Kocmuyeckuin annapart soineten u3 CONHEYHOM CUCTEMBbI CO CKOPOCTHIO
10 km/c. Ckonbko BpemeHn OH Oyger netetb OO 3Be3apl [Npokcuma
LieHTaBpa?

PacctosHne go JlyHsl — 1,3 CBETOBbIX CEKYHAObLI, @ €€ yrnoBon guameTp
npyv HabnwogeHnn ¢ 3emnu paeeH 0,5°. Bo ckonbko pas3 JlyHa MeHblue
3emnn no paguycy?

Macca ranaktmkm M87 pasHa 3:10'?2 macc ConHua, YrnoBon guamerp
7', paccTosHue OO0 Heé 55 MWNNMOHOB CBETOBLIX net. Hangute cpeg-
HIOK MAOTHOCTbL ranakTUKW.

C nomouwibio nHTEepdepomeTpa u3 BGONbLIMX ONTUYECKUX TENEeCKONoB Ha
[aBaickux oOCTpoBax npoBogAaTrca HabnwaeHus Mapca ¢ pacCTOSHUS
1 a.e. etanu kakoro HammeHbliero pasmepa Ha Mapce moxHO Byaer
N3y4nTh?

Bo ckonbko pa3 3Bé€3gHoe ckonnenue [Mneagbl B Hebe 3emnu cBeTuT
cnabee ConHua?

Korpa-unbyoe ConHue crtaHet GenbiM kapnukom. Kakum Oypet ero pa-
anyc?




MNoyemy Teneckon wumeHn Xabbna c 3epkanoMm guamMeTpoMm 2 MeTpa
nHorga obecne4ymBaeT Ny4ylwlee paspelleHue, 4emM Ha3eMHble Teneckonsl
C AnameTpom 3epkana 6—8 mertpoB?

B ueHTtpe lanakTvkyn HaxoOouTCA CBEepxXmMacCuBHasa YEpHas Ablpa paguycom
okono 10 mMnH kunomeTpoB. MOXHO NU U3Y4YUTL CTPYKTYPY €€ OKpecT-
HOCTE C NMOMOLUBID paguonHTepdepoMeTpa ¢ KOCMUYECKUM TENeCKONom
«PapuoactpoH»? C NOMOLWLID OAHOr0 ONTUYECKOro Teneckona auamer-
poM obbektuea 1 M?

OnuwuTe npeMmyliecTsa ONTUYECKOro Tesneckona Ha JlyHe no cpasHe-
HWUIO C 3EMHbIMM U OpPBUTANbHBIMK TENECKONaMMW.

KoHueHTpauma 3BE34 B WapoBoM ckorneHuu pasHa 10 nk3. Ckonbko
3BE34, TaM MOXHO YBWOETb MMasomMm Ha HOYHOM Hebe? Cuutatb, 4TO BCe
3geznbl noxoxm Ha ConHue.

NMPUMEPDbBI PELLUEHWA 3A0AH

3apaua 1. [1nga BbIpaxeHus Mex3BE3AHbIX PaCCTOAHWI aCTPOHOMbI WMC-
NONbL3YKT OBE BHECUCTEMHLIE eOWHUULI: CBETOBOWM rog (paccTosHue,
KOTOpPOEe CBEeT NpoXoguT 3a rog) M napcek (pacctosHue, C KOTOPOro
pagnyc opbutbl 3emnn BuaeH nog yrmom 17). Beipasute obe eguHULb
B MEeTpax, a Takxke napcek B CBETOBbIX rogax. CKopoCTb CBeTa paBHa
300000 km/c, paccrtoaHue ot 3emnu no ConHua — 149600000 km.

HOaHo: CWH: PeweHnue: 3emHoin rog T cocTo-
c = 300000 km/c 3-108 m/c UT npumepHo m3 365,25 cyTok, B
R = 149600000 km | 1,496-10"" m | cytkax 24 yaca, B 4yace 60 mu-
HyT, B muHyTe 60 cekyHa. Onpe-

Ly =" OenMM NpOOOMKUTENBHOCTE roaa
by — B CeKyHaax:

L . T = (365,25-24:60:60) ¢ =
i =3 156-10"'c.

CeeToBOW rog ecTtb npou3sene-
HWEe CKOpPOCTW CBeTa W npoaon-
XKUTENbHOCTU ropga:

L, =c¢'T = 9,467-10" m.

1.!'!'




B cooTtBeTcTBMM C OnpeneneHuWemM napceka mMbl MOXEM HaWTu ero Benu-

YUHY:

R
= = £ . 1016
L
OcTaértca Bbipa3uTb Napcek B CBETOBbIX rogax: L—E = 3,26.
1

OTteer: B ogHom ceetoBom roge 9,467-10'° m, B ogHOM napceke
3,086-10'® m wnu 3,26 ceBeToBOro roga.

3apaya 2. Onpepgenute «camoe Oonbwoe 4Yucno BceneHHol» — 4ucno
aTOMOB B Hel, ecnn M3BEeCcTHO, 4To BO BcenenHon okono 10'" ranaxkTtuk
TMna Hawen Manaktmkn Mneynblii MNyTe. Cyntatb, 4TO BONLLWMHCTBO aTo-
MOB — 3TO BOAOPOA, COAepXaluicsa B 3BE3OAXx.

daHo: PeweHue: Macca Bcex 3BE34 BO
Macca ConHua M, = 2-10% kr | BcenenHoit: M = M, N,"N, =
Yucno 3BE3n B lanakTuke = 2-10% kr. Yucno aTtoMOB nonyya-
N, = 10" eTca JheneHMeM 3TOW Macchl Ha
Yucno ranaktuk Bo BceneHHOM Maccy npoToHa (sapa eogopopa):
N, = 10" M .
N=— ~ 107,
m
p
N — 7

Oteer: 107°. 3apaya pelueHa B ynpoLiEHHOM Buae. PeanbHoe 4ucno
atomoB BO BcenenHoin ewé B 10—100 pas 6onblue.

3apnavya 3. [lpeactaebte cebe, 4TO paguyc 3BE3OHONO AUCKa Halwen
lanaktukn w3o0bpaxeH pa3mepom B paauyc 3emnu. Kakoro pasmepa
CTaHyT 3B€3abl B 3TOM mMacwrabdbe?

Pewenue: Paguyc 3Bé3aHoro aucka lanaktukm coctaBnsietr okono 15 knk,
B TO Bpemsa kak pagumyc 3emnu okono 6400 km. BcnomHum, 4to 1 nap-
cek Bko4aeT B cebda npumepHo 200 000 a.e. unm 3-10"° km. Cambie
bonbwmne 3B€3abl umeldT pasmep okono 1000 paguycos ConHua, B TO
BpEMS Kak ManeHbkue 3Béaabl — Genble Kapiamku — Benn4MHON ¢ 3em-
mo, 1.e. okono 0,01 paguyca ConHua. lNocynutaem, Kakoro OHWM CTaHyT
paamepa. ConHue OypeTt uMmeTb paguyc

6,4-10°
1,5-10%-3-10"

7105 km = 108 km = 10 mKMm.

Torga camble Oonblwiwve 3BE3gbl Oyayt umete paguyc 10 MM, a cambie
MmaneHokne — Bcero 0,1 mkm.
Oteer: Ot 0,1 mkm pgo 10 mm.
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iil. ACTPOMETPMA

MssecTHO, 4TO 3Be3pa 2™ ceetut B 10%* = 2,512 pa3 cnabee 3se3nwl 1™,
3gezpa 3" — B 2,512 paa3 cnabee 3ee3gpl 2™ v T.40. Bo ckoneko pas ca-
Mbl€ TyCK/ble 3BE3Obl, 3aMeTHble ma3om (6M), ceetaT cnabee 3sésg 1M7?7

OpHa gBoOKMHaa 3Be3na COCTOMT M3 AByx 3Bé3g 2™, a apyras — u3 of-
HOM 3Be3abl 1™ n ogHon 3Be3abl 3™. Kakas u3 3Tux nap ap4e?

3Be3ga o LleHtaBpa A noxoxa Ha ConHue, Haxoautcs B 4,3 CBETOBOIMO
roga OT Hac M uMmeet 3Bé3aHyio BenndmHy 0™. Kakosa 6bina 6bi 3BE34-
Haf BENWYMHA BTOW 3BE3AObl, HAXOOUCb OHA B LIEHTPE Hallen naaHeTHOW
cuctembl Bmecto ConHua?

Kakas M3 natM TOYEK ropu3oHTa, MOMEYEHHbLIX HA PUCYHKE, — TO4ka
cesepa?

[OPU3OHT |

1 oy T SRR T 4 5

Y10 Apye B Hebe 3emnn — Bce 3BE3Obl koBwa BonbwoW Mepseouubl
mnn 3ee3pga Bera?

KpynHbiM Teneckonam OOCTYNHbl 3BE€3abl, B Munnuapn pa3 6onee cna-
Bble, 4yem 3BE3ObI, OOCTYMHbLIE HEBOOPYXEHHOMY rnady. Kakosa wux
3BéagHas BenuyuHa?

[loyemy uCTOpMYECKM CRAOXWAOCH Tak, 4TO CTPesku 4acoB BpaLLATCH
MMEHHO B 3TOM HanpaefeHuu («no 4acoBOW CTpenke»), a He HaobopoT?




Ckonbko TOoYek HebecHoW cdepbl HE WM3MEHAKT CBOEro rnosioXeHua oT-
HOCWUTENbHO 3EMHOro ropu3oHTa?

[oe Ha 3emne MOXHO YBUOETL JNIYyHHOE 3aTMEHWe B 3eHuTe?

Moryt nn 3BE€3abl OOHOrNO CO3BE3AWA 33 HECKOJIbKO 4acOB W3MEHUTb
NONOXEHWEe OTHOCUTENBHO FOPWM30OHTa? A OoAHa OTHOCWUTENLHO APYron?

ConHue B wuOne nepemeuwlaeTcs no co-
3ge3auio BnusHeuor. Korga ato co3ses-
oue ny4we BCEero BWMAHO HA HOYHOM
Hebe?

[Moyemy «nNeTHe-OCeHHWIA TPeyronNbHUK»,
cocToswmin M3 3eéan Bera (o Jlupel), Ode-
Heb (o Jlebepa) v Anstamp (o Opna), no-
ny4ymn Takoe HaseaHue?

MNepen Bamu YeTbipe U300paxeHus «neTHe-
OCEHHEero TpeyronbHWKa» Hag, ropu30oHTOM.
Kakune nszobpaxeHus He MOryT UMeTb Me-
cta 8 Poccun?




OpHaxgbl Bbl yBMOENW B CO3Be3gMu Tenbla ApKUA 0OBLEKT, MOXo-
XKW Ha 3Be34y, KOTOPOro HeT Ha 3BE3aHOW kapTte. HYTo 370 MOXeT
BbiTb?

B peHb netHero conHuectosHua (21 wvioHAa) cknoHeHune ConHua [ocTu-
raet +23,4°. VUcxopns wa atoro, onpepenute wupotel CesepHoro v HOx-
Horo Tponuka, CesBepHoro v KOXHOro NONSpHOro kpyra.

IlBe 3Be3abl OOQHOBPEMEHHO 0Ka3anuCb B BEPXHEW KyNbMWHaAUWKM MO
pa3Hble CTOPOHbI OT 3eHMTa Ha BbicoTte 80°. HalhguTte pas3HOCTb CKO-
HEeHWA 3BE3N.

Ceetuno BuaHO B Tovke Heba ¢ asumyTtom A = 90° m BeicoTol h = 0°.
KakoBO ckNoHeHue cBeTuna?

3Be3na o LleHtaBpa mmeer cknoHeHue & = -61° MOXHO Nu eé yBu-
nete B Coun (43° c.w.)? B Xyprage (24° c.w.)?

Ona kakux 3BE34 BEpHO, 4TO ux asumyT B MOCKBE BCE Bpemsa Bo3pac-
Taer co epemeHem ot -180° po +180°7

SkBaTopManbHbie KOOPAWHATHI HEKOTOPOI TOYKM Heba paeHbl o = 0, & = 0.
YTo 31O 3a TOYKa?

HekoTtopoe ceetuno BuaHo B CaHkTt-letepbypre (60° c.w.) B 3eHuTe.
3angeTt M OHO TamMm 3a ropu30oHT?

BepHo nu, 4TO ecnu 3Be3ga HaxoouTCcs Ha HebecHOM MepwanaHe, To
OHa B 3TOT MOMEHT B BEPXHEM WMNM HUXHEeW KynbMuHaumu? BepHo nn
obpaTHOe yTBEpXOEHMEe, Y4TO EeCnu 3Be3Ja B BEPXHEW WU HUXHEen
KyNbMWHALUWUW, TO OHa B 3TOT MOMEHT HaxopouTcs Ha HeOeCHOM mepw-
navaHe?

MOXHO N1 COPUEHTUPOBATLCA HA MECTHOCTM MO 3BE3aaM, ecnv cesBep-
Hasa 4YacTb Heba 3akpbiTa Tydamm u [llonspHas 3Be3pga He BUAHaA?

KoopauHate! 38€3g pasHbl o, = 2 4, &, = 0; o, = 8 4, 8, = 0. Kakoso
YrNOBOE pPacCTOfAHWE Mexay HUMW Ha Hebe?

Kakaa 4acte HebecHon nonycdepbl Hag ropu3oHToOM B KpacHopape
(45° c.w.) okasbiBaeTCcAa HXHee HebecHoro skesaropa?




HekoTtopoe ceetuno B lNetepbypre (60° c.w.) B BEepxHEW KynbMUHaLWK
OKa3biBAETCA BABOE Bbille HAA FOPU3OHTOM, YeM B HWXHEW KynbMuHa-
urn. Hanourte cknoHeHwe ceBeTuna.

fne neto B cpeaHem bBonee xapkoe — B CeBepHom unu KOxHom nony-
wapun 3emnn? A rge oHo Gonee AnMHHOE?

MapTt. Apkas nnaHeTta BuagHa B co3se3guu JlbBa. Y10 31O 3a nnaHera?
B 2004 wn 2012 ropax npouv3ownu npoxoxpeHna BeHepbl no aucky

ConHua. C kakon ctopoHbl BeHepa Bctynana Ha guck ConHua, ecnwu
Habnogate n3 CesepHoro nonywapua 3emnn?

Onutep 6bin BMOEH B BEPXHEW KynbMMHauuK Houbilo 21 umioHsA, a Ca-
TYPH — HO4YblD 22 pekabpsa. Kakaa u3 atux nnaHeT nogHAaNacb Bbile

Hag ropu3oHToM B Mockee?

B kakoih aeHb M Ha Kakux wupoTtax ConHue «ne4yért» cunbHee BCero?
JlyHa Haxoautca B ¢al3e nepeoin 4etBeptn. B kKakoe BpemMsa CYTOK eé
nyqwe Bcero Habnwopatb?

Koroa JlyHa B nonHonyHWe Bbille NOAHMMAETCs Hap ropu3oHTom B Ce-
BEPHOM NOAyWapun — NeToM Unm 3UMOIn?

JlyHa Haxogutcsa B ¢dase nocnegHen 4yeteepTu. B kakoih ce3oH roga oHa
NOAHWMAETCHA Bblle BCEro B CEBEpHbIX wupoTax?

Mo4yemy cuHOOMYECKMIA W cuaepuyeckuii nepuogbl obpaweHus JlyHbl pas-
nuyailoTea? Kakon M3 HMX coBnagaeTr C NepuoaomM 0CeBoro epauweHus JlyHbl?

MoOXHO N nonbL3oBaTbCs npasunom OykB «P» u «C» ana onpepeneHus
pacTywen u crapewouwen JlyHbl Ha BCeW NOBEPXHOCTU 3emnn?

B kakux wwupoTtax cepn pactyuiein v ybbiBaouwiein JlyHbl OpueHTMpOBaH
0AWHAKOBO OTHOCUTENBLHO ropu3oHTa?

Mepen Bamu Heckonbko dotorpadmin JlyHel (poTto 1). Ykaxute, kakas
M3 HUX caenaHa He ¢ 3emnu.

F
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Ha ooHOM 3 MHPOPMAULMOHHBLIX WHTEPHET-CAaWTOB 3aMeTka O npea-
CTOAUWEM acTPOHOMMYECKOM dBAeHMM Obina npounnicTpupoBaHa
naHHoh dotorpadpuen (doto 2). Otkyaa morna 6wiTe caenaHa ¢oOTo-
rpadma 1 kakaa ¢dasa bbina B 3T0T MOMeHT vy JlyHbl ans Habnwpare-
nen Ha 3emne?

Mpn kakon dase JlyHbl NPOUCXOAAT CONHEYHble 3aTMEeHUs? NyHHble 3aT-
MEeHUAa?

[Noyemy 3atmeHms ConHua v JlyHbl HE MPOMCXOOAT KaXAblA NYHHbIA Me-
cau?

JlyHHOe 3aTMeHme HacTynuno B 3UMHIOK nonHoys B Mockee. bypet nm
OHO BuaHO B HoBocubupcke?

JlyHHOe 3aTmeHue Habnwpgaetca Ha Bocxoge JlyHbl. Kakoe ceivac Bpe-
MS CYTOK?

Moyemy obnacts BUOMMOCTM MOSHOMO COJSIHEYHOro 3aTMEeHUsa Ha 3emne
BbIFNAAWNT KakK TOHKasA nonoca?

OuameTtp TeHn JlyHbl B6An3n 3emnun He npesbiwaet 250 kM. Ucxooa wv3
3TOro, ONpPeaennuTe MakCUMasnbHYyl AAUTENLHOCTL MOAHOMQ CONMHEYHOro
3aTMeHUss B OQHOM MyHKTE 3emsu,
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Moyemy JlyHa BO BpemMs 3aTMEHWA OKpaluMBaeTcs B KpacHbid useTt? Ka-
KWE W3BECTHble BaM SABNEHWA UMEKDT C 3TUM 0DuLyl0 NPUYnHY?

B XIX Beke acTpoHOMbI 3aMETWUIW, YTO MOCAE MOLUHbIX BY/KAHWYECKNX
n3BepxeHnin Ha 3emne Bua JlyHbl BO BPeMS MNOMHbLIX JIYHHbIX 3aTMEHWA
MeHanca. Kak oH MeHsnca m nodemy?

BbiBaloT 1M konbueobpasHble NyHHbIE 3aTMEHUA?
Kakue conHeyHble 3aTMEeHWs CAy4aitoTCs 4alwle — MOoJHble WK KonbLe-
obpasHble?

Kakue 3aTMeHua — 4aCTHbI€ COJIHEYHBLIE UNM TEHEBbLIE NYHHble — 4Yaule
BWOHbI M3 OOHOW TO4YKW 3emMnu?

Ykaxute, Ha Kakux d¢oTorpadpuax 3aneqatneHo CONHe4YHOEe 3aTMEHue
(boTo 3).

®doro 3

Ykaxute, Ha Kakmx 13 wectn ¢otorpaduii 3ane4yarneHo JIyHHOe 3aTme-
HUE, a Ha Kakux 3aTMeHusa HeT (doTo 4).

B kakoi peHb roga WCTUHHOE COJIHEYHOE BpemMs U 3BE3AHOE BpeEMS
npakTu4yeckn cosnanaloT?

22 pekabpa — camblii KOPOTKMIA cBeToBOW aeHb B Mockse. Koroa B
Mockee paHblie TemHeeT — 12 pekabps wnam 1 axeBaps?




doT10 4

Ecnu 6bl 3emnsa Bpawanace Bokpyr ConHua paBHOMEPHO MO OKPYXHO-
CTW, coBnagano Obl UCTUHHOE CONHEeYHOE BPEMSI CO CPEeaHUM COJHeY-
HbIM BpemMeHem?

Ha kakon ponrote cpeaHee COMHeYHOe BpemMsA coBnagaeTtr C MOCKOB-
CKUM BpemMeHem?

3Be3na B3owna Hap ropu3oHtom B 00'01™ no MOCKOBCKOMY BPEMEHMW.
Korga npou3onageT eé cnenylowuin socxon?

3se3na Bera okasanacb B BepxHeW kKynbmuHauuu B 00°00™ 1 mona. B
KakoW OEHb OHA OKaXeTcs B BepxHeu kynbmuHaumm B 20°00M7

3se3na kynemuHuposana 8 00400, a zawna B8 0700. B kakoe Bpems
npon3onpgeT eeé Bnumxanwmi sBocxon?

Bbl Haxooutecs Ha 60-i1 napannenn. CerogHsa 3ee3ga B3owna B 16700, a
zawna B8 23°00" no MOCKOBCKOMY BpemeHu. Kyoa Bam HyXHO OTnpaBuTLCS
3aBTpa, 4ToOBlI HAOMOAATL BOCXOQ WM 3axod 3TOM 3Be3abl B TO Xe Bpema?
CKONbKO 3BE3OHLIX CYTOK B OOHOM HEBUCOKOCHOM KaneHaapHoMm roay?
Kakon rog B cpegHemMm ANMHHEEe — AMaHCKUA U rpuropuaHckmin? Ha

CKONLKO?

B kakom Beke «cTapbii HoBbI rog» OyaoyT BCTpeyaTb B HO4Yb Ha 1 ¢es-
pana”?



NMPUMEPblI PELUEHWUA 3ALAY

3apaua 1. CknoHeHune 3Be3gpl paBHO +45° Hailgwte €€ BbICOTY B

BEpXHel U HwxXHel kynbMuHauum B Mockse (56° c.wl.).

OaHo:
Wwupota ¢ = +56°
CknoHeHwe 3Be3abl &6 = +45°

W gy

R

PeweHue: /306pa3vM NpOEKUUIO He-
BecHolt cdepbl HA NNOCKOCTb Mepuaua-
Ha. B nnockoctu pucyHKa Torga oka-
XyTcs 3eHUT Z, CeBepHbliA NONOC MUPAa,
To4kn cesepa (N) mn wra (S5). B Heu
TaKXe OKaXYTCH TOYKWN BEPXHEW N HUX-
HEen KynbMuHaumm 3ee3gbl (A v B).

"4

CegepHoliit
nonwc mupa

Habnwopatens Haxogutcsa B Todke O. Bbicota CeBepHOro nonwca mupa

paBHa WUPOTE MecTa ¢, U OH pacnonaraeTcs Hag CeBepHbiM FOPWU30H-
TOM. [lpoekumsa HeOecHOro a3kBaropa nepneHauKynspHa HanpaBneHuio
oT To4km O Kk CesepHomy nontocy mupa. Camasa Bblicokaa Toyka Hebec-
HOro akeBatopa Oymer HaxoouTbCA Ha BbicoTe (90° — @) HaL TOYKOM

tora.

CknoHeHue 3Be3abl & eCTb Yyron Mexay HanpasneHuem Ha Heé u nno-

CKOCTbIO 3kBaTtopa. CyTo4yHbl NyTb 3Be34bl NPOEUMpyeTcs Ha MAOCKOCTb
pucyHka B Buae otpeska AB. YTobbl onpenennTb BbICOTbl TO4eK A n B
Hag ropM3oHTOM, HaWOEem WX YrnoBble PacCTOAHWA OT 3€HUTa, T.e. yrbl

ZOA n ZOB. N3 pucyHka BWOHO, 4TO
LZOA = |8 - ¢|; £Z0B = 180° - |8 + o|.




L

Ecnu BenuymHa nog 3HakoM MOOYAA MONOXWUTENbHa, TO COOTBETCTBYIO-
Wwas KyJbMUHaALMA NPOUCXOOUT K CEBEepy OT 3eHuTa, ecnu oHa oTpuua-
TeNbHA, TO K tory oT 3eHuTta. OTCloga Mbl MOXEM MONYHUTL BbIPAXEHWUS
0151 BbICOTbl CBETUNA B BEPXHEN WU HWXHEN KyNbMWUHAUMW:

hy =90% = £Z0A = 80° -8 - o].

h, = 90° - £Z0B = -90° + |8 + ol.
Mony4yeHHblie GoOpMyIbl YHUBEPCAaNbHbI, WX MOXHO MWCNOAb30BaTb AJIS
mobbix ceetun B CeeepHom u OxHOM nonywapusx 3emnwn, T.e. 4ng
MoObIX 3HAYEHWUI LUMPOTLI U CKNOHEHUNA. MoOcTaBnsAa YUCNEHHble 3Ha4e-
HUSA, NONy4aem, 4YTO BEPXHAA KylibMWUHAUMA 3Be3Obl CO CKJIOHEeHWeM
+45° B Mockee npou3onaeT Ha BbicOoTe 79° Hag HOXHBIM FOPU3OHTOM,
HUXHAA KynbMMHAUMA — Ha BbicoTe 11° Hao CeBepHbiM FOPU3OHTOM.
OTa 3Be3ga B MockBe Hesaxopnallas.
OrBeT: 79° 11°,

3apaua 2. B HekoTopoi To4ke 3emnn 3sé3nbl Aybre n Mepak (o v J
Bonbwon Measeauubl) OAHOBPEMEHHO MNOSABUMNMCH HAA TOPWU3OHTOM,
Yemy (NnpumepHo) paBHa wWupoTa TOYKM HabnoaeHus?

Pewenune: 3Bé3nbl dybre n Mepak — kpaitHuMe 3anagHble 3BE3[0bl KOB-
wa bonbwon Mepseguubl. 3TKU 3BE3Obl — OCHOBaA camMOro M3BEeCTHOro
n nérkoro cnocoba nowucka lonspHOW 3Be3A4bl, Tak Kak NWHUA, NpoBe-
nDeHHaa ot Mepaka k [ybre v npoponxeHHas panee, NpoxoauT O4YeHb
6nun3ko ot MNonapHoi 3Be3apbl.

MNonapHaa
@ ® O .




e

Mo ycnosuwo 3apadn 3Bé€3nbl ybre v Mepak ogHOBPEMEHHO NOosBNA-
I0TCA Hapg ropu3oHToM. CnepnoBaTefibHO, COeAMHAIOWAA WX NIMHUS CO-
BNagaeTr c ropm3oHTom, u lonapHas 3Be3na Takxke Habniogaetca Ha
ropusoHTe. 3ATO MOXET UMEeTb MecTo Tosbko BOAWM3KM 3kBaTOpa, Ha
wupote 0°,

OTeeT: OkeaTtop, 0°.

3apa4a 3. 4YTo apye npwu HabnwgeHuu rmalom — oaHa 3eesga 1™, Tpu
3Be3nbl 2™ unu naTL 3Bé3n 3M7

Pewenune: B cooTtBeTtctBuM C onpegeneHnem 3BE3OHOW BENUYUHBLI
3ge3ga 1™ B 2,512 pasa spuye 3Be3gbl 2™, KOTOpas, B CBOIO o4yepenb, B
2,512 pasa apye 3Be3abl 3. Ecnm 00603Ha4YMTL APKOCTHL OAHOW 3Be34bl
3™ Kak j, TO APKOCTb OOHOW 3Be3Obl NEPBO BENWYUHLI, TPEX 3BE3[
BTOPOA BENWYMHBI W NATWU 3BE3N TPeTbel Benn4YuHbl COCTAaBWUT COOTBET-
CTBEHHO:

Jy = )2,612:2,512 = j-6,310;

J, = j-2,512-3 = j-7,536;

Jy gD,

Bbixoaut, 4TO sip4e CBETAT TPWU 3BE34bl BTOPON BENWNYUHLI.

Oteet: fpuye Tpu 3BE3Obl BTOPOWA BENWUYMHDI,

3apa4ya 4. Y HekoTOpoW nnaHeTbl, obpallalolenca BOKPYr Oanékown
3Be34bl N0 KPYyroBoi opburte, ecTb CNyTHWUK, ero opbuta Takxe Kpyro-
Bas. Bo Bpems 3aTmMeHwid 3BE3Abl CNYTHUKOM nNpu HabnwaeHun c nna-
HeTbl BUAWMbIE pa3Mepbl 3Be34bl U CNyTHMKA coBnagawT (kak y JlyHbl n
ConHua Ha 3emne), a korga CNyTHUK BXOOUT B TEHb NNAHETbl, ero yrno-
Bble pa3mMepbl COBNagakwT C YrMOBbIMKM pasmepamu TeHW. Hanoute co-
OTHOLLEHME TeoMEeTPUYECKMX Pa3MepoB MnaHeTbl U CNyTHUKA, CYMTas WX
CYLECTBEHHO MEHbLUVMMW KX B3aWMHOIN0 PacCTOsHWSA, a CamMO pPaccTos-
HMEe — CYLUEeCTBEHHO MEHbLUMM PacCTOAHMS [0 3Be3qbl.

PeweHnue: 13006pa3vum nonoxeHwe nnaHeTbl U CNyTHUKA BO Bpems 3aT-
MEHMIA UEHTpanLHOM 3Be3abl U CnyTHUKA, HabnogaemMblx C NAaHEeThI:

MnaxeTta

g iy

e
3
L,




TeHb cnyTHWUKa npeacrtasnsaeTr coboit KOHYC C YrmomMm pacTeBopa o, pPaBHbIM
YrOBOMY AMamMeTpy 3Be3dbl UM CnyTHUKa npu HabniogeHun u3 ueHTpa
MNaHeTbl (pasmepsbl NAaHeTbl CYMTAeM CYLECTBEHHO MEHbLUMMW paccTos-
HMA 00 cnyTHuka). OBo3HaymB paguyc CNyTHMKA 4epes3 r, a ero paccro-
AHME OT NnnaHeTbl — 4yepe3 L, nony4yaem CBA3biBaAlOLLEE WX BblpaXXeHue:
r=»>L %.

PacctosHue 0o 3Be3gbl CcywecTBeHHO Oonblie paguyca opbuTbl CRyTHU-
Ka, TeHb CaMOW NnaHeTbl nNpeacTaBAseT coboi KOHYC C TakuUM Xe Yriom
pacTteopa. M3 ycnoBus paBeHCTBa pPa3MepoB TEHW MnaHeTbl M CrnyTHUKa
nony4yaem 2

R-r=1L 5
OTciopa R = 2r, nnaHeTta BABoe 0Oo0Jiblle CBOEro CnyTHWKa no paguycy.

OteeT: R = 2r.

3apaya 5. B HekoTopoM nyHkTe 3emnu B HOYb Ha 1 AHBaps 3BE3aHOE
BPEMSA COBMano C MOCKOBCKMM BpemeHem. Kakoea reorpaduyeckas

nonrota aToro nyHkra? YpasHeHuem BpemMeHwu npeHebpeys.

OaHo: | Pewenne: 3a 10 gHel po HactynneHus Hoeoro roga, 21—

S = 22 pekabps, nNpoucxoamT 3MMHee conHuectosHue. lNpsamoe Boc-

=0Ty xoxgeHne ConHua B 910 Bpemsa coctaenaer 18 yacos, a 3BE3a-
HOE BpPEeMSA B COJNIHEYHYIO MONMHOYb — 6 4acoB. Ecnn npeHebpedb

A—? | ypaBHEHMEM BpeMeHu, TO KaXObli OeHb NPAMOe BOCXOXAeHWe

ConHua yeenuumeaetcs Ha 4 MUHYTbL. B HOBOrogHIOK HOYb OHO
6ypetr paBHo 18 yacoB 40 MuHyT. 3BE3OHOE BpPEMSA B COJIHEYHYIO
nonHo4b S, coctasut 6 4acoe 40 MuHYT. TMOHATUA UCTUHHOMO W
CpedHero COJSIHeYHOro BpeMeHW Mbl He BBOAMM, TakK Kak npeHe-
bperaem ypaBHEHMEM BPEMEHM W JaHHble BPEeMEHHbIE LUKasbl CO-
BnagatoT. Obo3Ha4YyMM MECTHOe CONHEeYHOE BPeMs B YKa3aHHOM B
ycnosum nyHkTe 4epes3 T. Torpa 3BE3gHOEe Bpems Oyaoer paBHO

Sincogate k.
Bpems T ceBasaHo co BcemwupHeiM BpemeHem UT COOTHOWEHUEM
= ULE+%

roe A — reorpaduyeckan ponrota nyHkra. MOCKOBCKOe Bpems
(B 4acax) paBHO
o= U
Mo ycnoeuio 3agaun BenuuuHel S u T,, cosnapgaiot. OTcoaa
Sgrkal S0l T S,
= 8i=r 8,
Honrota mecta paBHa —-3" 40™ mnmu 55° 3anagHoi OONrOTHI.

OTeeT: 55° 3.4.



iili. HEBECHAAR MEXAHMKA

Bo ckonbko pa3s KOnutep Gnmnxe k 3emMne B NPOTUBOCTOSAHWK, 4Yem B
coeanHeHnn? OpbuTbl NNaHeT cyuTaTb KPYroBbIMU,

BeHepa oka3anacb B Hauvbonblien BOCTOYHOM 3noHraumv B aekabpe. B
KakoMm CcO3Be3aum OHa nMpwW 3ToM BuaHa?

Y kakux nnaHetr B cucrteme lltonemes UEHTPbl 3NUUMKNOB BCerga Ha-
XOOATCA Ha nuHUK, coeauHsowen ConHue v 3emnio? MNouyemy?

Mepkypuii HaxoguTca B Hawbonbliei 3anagHon anoHraumu. B kakown
CcTOpoHEe HeDa ero MOXHO YBUAETb HEBOOPYXEHHbIM TNa30M WU B Kakoe
BpemMsa CyTok?

BeHepa BuaHa Ha Hebe psgoMm C pactywein JlyHoi. Kakasa y Bedepbl
ANOHrauma — 3anagHas unM BOCTO4YHAN?

Ha kakoih mMakcumaneHOW BbICOTE Hag rOPU30OHTOM MOXHO HanUtn Mep-
KYPU HEBOOPYXEHHbIM Ma3om? CuutaTtb, 4TO Mepkypuin CTaHOBUTCS
BUOMMBIM Ha cymepedyHOM Hebe npu norpyxeHun ConHua nog ropu-
30HT, paBHOM 6°.

OnucbiBalOT N BHYTPEHHME NnaHeTbl NeTnu B CBOEM BUWAMMOM [ABUXE-
HUM cpeou 3BE3a? Ecnu ga, 1o BOAM3KM KAKOW KOHpUrypaumm?

Y Kakon nnaHeTtbl nerdye npoHabniopate netneobpasHoe OBWXeHwe cpe-
aon 3Bé3p — y Benepwl unu Mapca? Opbuty Mapca cuutatk KpyroBoiA.

Mapc onwcan netnio no co3se3sauio Pobib. B kakoi ce3oH roga 310
npoucxoamno?

Ha kakoe makcumanbHoe yrnosoe paccTtofHue ot CosHua MOXEeT yxo-
ontb 3emns npu HabnwoaeHmn ¢ Mapca? Opbuty Mapca cuuTatb Kpy-
FOBOMW.

3se3pga yganeHa ot ConHua Ha pacctosHue 10 cBeToBbIX NET TOYHO B
HanpasneHWn TOYKW NETHEro CONHUECTOAHWA. Hangute e€ makcumanb-
HOE reouEeHTPUYEeCKoe MpaMoe BOcCXoxaeHwe o. B kakon ces3oH ropa
OHO pocTuUraeTca?




Mapannakc 3Be3gbl, M3MepeHHblit Ha Mapce, coctasun 0,1, Haigute
paccTosHMe [0 3Be34bl B nMapcekax W CBEeTOBbIX rogax.

Bonbwas nonyoce opbutel Mapca pasBHa 1,52 a.e., 3SKCUEHTPUCUTET
0,09. Haionte MUHMMAanNLHOE paccTosHue mexay Mapcom n 3emnén B
«BENUKOM MPOTUBOCTOAHMKU». Opbuty 3emnu cyutaTb KPYroBOWM.

Moyemy «BenukKue npoTUBOCTOSHMA» Mapca cny4alTCHA TONbKO NETOM W
B Hayane oceHu?

Onpepennte, BO CKONbkO pa3 Mapc B NpOTUBOCTOSHUW B aBrycre spue,
4eM B NPOTUBOCTOSHUU B despane.

Hailgute cpegHioln, MUHUMAaNbHYID W MAaKCUManbHYIO CKOPOCTb ABUXEe-
HUa 3emnm M Mapca no opbure.

Yemy paBHa MakcumanbHas U MUHUManbHas yrnoeas ckopocTe ConHua
B €ro BMOMMOM roAWYHOM OBWXEHWW cpeaun 3Bé3n?

Actepounn obpawaertcsa Bokpyr ConHua 3a 4,5 ropa. KakoBo ero cpeg-
Hee pacctosiHue ot ConHua?

WHorpa kometa lannes noaoxogut 6nu3ko k 3emne. lNpu 3TOM OAWH
obopoT Bokpyr ConHua oHa genaet 3a 75 net. Ha kakoe makcumanbHoe
pacctosHMe oT ConHua oHa MOXEeT yaanuTbca?

PacctosHue ot lOnutepa no ero cnytHuka Mo Ha 10% 6Gonblue paccro-
aHua mexay 3emnéin n JlyHoih. Onpepenute opbutanbHbin nepuop, Mo.

Kakon eouHCTBEHHbIA eCTeCTBEeHHbIW CNyTHUK nnaHetbl ConHe4yHoW cu-
cTeMbl NpyU HabnogeHMn ¢ 3TOW NNaHeTbl BOCXOQWT Ha 3anage WM 3a-
XOOUT Ha BOCTOKE?

Kakas nnaHeta B 2011 roay 3asepwwmna oguH 060pOT C MOMEHTa CBO-
ero OTKPLITUS M OKasanacb B TOW Xe To4ke Heba?

HekoTopoe Teno OBWXETCS B nMepurennn B Tpu pasa ObicTpee, 4Yem B
adenun. Hangute 3KCUEHTPUCUTET ero opobuTsbi.

HekoTtopaa nnaHeta OBWXETCA MO opbuTe CO CKOPOCTbI, MNPUMEPHO
BTPOE MeHblueh ckopoctu 3emnu. YTo 3TO 3a nnaHera?




KocmMmuyeckuin annapar, pacnonarasiCb Ha KpyroBOW OKOJIOCONHEYHOW op-
buTe, BKIOYUA ABUraTenu n yeBenudun CBOK CKOPOCTL B noaTopa pasa.
Kakoin ctana ero Hosaa opburta?

Ha pucyHke nokasaHbl 5 Ten, obpaliallinxca BOKPYr €O0MHOro UeHTpa
npuTSXeHusa, n ux opbutbl. Tena 4 1 5 OBMXYTCA NO 3NNMNTUHECKON
opbute, nokasaHHoW nyHkTMpom. Pacnonoxwute tena 1, 2, 3, 4 u 5 B
nopsake yBenu4yeHusa ux MrHOBEHHOW NIMHEWHOW CKOPOCTW.

Jlopy Byaywero pewwnu pasgennts 3emnio Ha 1000 oanHakoBbIX Ten
C TOW Xe cpefHein nnoTHocTbio. Kakum Bygetr muHumanbHoe Bpems 06-
nérta Takoro Tena no opburte?

Xopowwnii ¢yTbonnuct MoxXeT npuaate msdy ckopocte 30 m/c. Ha acre-
pougax kakoro pasmepa MOXHO wurpaTte B ¢yrtbon? [MnOTHOCTL actepo-
WOOB CYMTaTb PaBHOW MAOTHOCTW 3eMiu.

Camonér netut Ha BbicoTe 10 kKM BOONMb 3eMHOro 3kKBaTtopa C 3anaga
Ha BOCTOK €O ckopocTblo 800 km/4. WCKYCCTBEHHbIA CNyTHUK 3emnn
obpaulaeTcs BOKPYr Halleil nnaHeTol Mo Kpyrosoi opbuTte Tak, 4To BCE
BpEMS HaxO4WTCA Had CaMONEeToM. HailTu paccTosiHMe Mexay CrnyTHU-
KOM U CamMOETOM.

3Be3na — OGenblil KapnuMk MMeeT Maccy, paBHylo macce ConHua, n Mu-
HUManbHoe Bpema obnéta no opbute 10 cekyHa. HalguTe NNOTHOCTL
3TOW 3BEe3abl.



Obwasa Teopus OTHOCUTENBHOCTW Npeackasana CyLWecTBOBaHWE «4YEPHbIX
Oblp» — OOBLEKTOB, MOKUHYTH KOTOPbie HE MOXeT aaxe ceeT. Onpeae-
nuTe paguyc 4epHO Ablpbl C Maccowu, paBHoW macce ConHua.

MNepen BTOpPbLIM KOCMOHABTOM B WCTOpPWMW 4Yenoeeyectea lepmaHom Tu-
TOBbIM CTOS/la 3afjada NpoBecTW B Kocmoce bBonee cytok (25 vacos).
Kakoe makcumanbHOe KOonu4yecTBO 0O0OpOTOB BOKPYr 3emnu OH mor
coenaTtbs?

Kak cOOTHOCATCS CKOPOCTW B MEPUUEHTPE W anoueHTpe 3/1MNTUHeCKOW
opbuUTbl C KPYroBbIMW CKOPOCTSIMWU, COOTBETCTBYIOLMMW PaCCTOAHUAM
nepuueHTpa u anoueHTpa?

PaccuuTainte paguMychbl CTauuoHapHbix opbut Bokpyr nnaHetr ConHeuy-
HOW cucTtembl (OpbuT C nepuogom, paBHbIM Mepuoagy OCEeBOro Bpa-
weHua nnaHetsl). OKono kakux nnaHeTr MOryT CyLWecTBOBaTb Takue
opbuTel?

Monér kocmuyeckoro amnnapara ¢ 3emMnn K HEeKOTOPOM nnaHete no on-
TUManbLHOW TpaekTopuu 3aHAn 6 netr. YTo aTto 3a nnaHerta?

Kocmuyeckas akcneguuusa nepenetaetr ¢ 3emnn Ha Mapc mn obpaTHo C
Mapca Ha 3emnio No onTMManbHOW TpaekTopuu. Kakoe MuHMMansHoe
BpeMs akcneauuum npuaétca nposectu Ha Mapce? Opbuty Mapca
cYyuUTaTb KPYroBOM.

AnnapaTt coBeplwwun nepenér ¢ 3emMnnm K HEeKOTOPOW Manon nnaHeTe B
rmaBHOM MNOSICE acTepouaoB MO ONTUMAaNbHOW TPaekTopuKu KU, NPONEeTEeB
MWUMO He&, No Ton e opbute BepHynca Ha 3emnwn. Halhpgute paccros-
HWe manon nnadHetbl oT ConHua.

Ckonbko BpemeHu gnunca Obl nepenét ot 3emnu K JlyHe y amepukaH-
CKMX annapaTtoB «ArnonaoH», ecnm Obl OH NPOUCXOOWUN NO 3HepreTuye-
CKM ONTUManNbHOW TPaeKTopun?

NCKyCCTBEHHbIE CNYTHUKKM 3emMnn ABuXYyTCA rno opbuTam Ha BbICOTax He
meHee 150 km. Onpepennute MakCUManbHYK YINOBYIO CKOPOCTb CrYTHU-
ka B Hebe 3emnu.

Kakyto nnaHety ConHeyHoW cuctembl MOXHO obnetetb ObiICTpee BCero,
He BKIO4as Npwu aToM OBurarenn?




NMPUMEPbLI PELLUEHUA 3AO0AM

3apaua 1. B wione 1969 roga amepukaHckue actpoHasThl Hun Apwm-
CTPOHr u 3aBuH OnapwvH COBEPLWIMAKM MOCaaKy Ha NOBEPXHOCTb JlyHbl U
npoeenu Ha Hen 21 yac 36 MuHyT. CKONBLKO pa3 OHWU MOMMU BbIXOOWUTb
Ha nNpamyld cBA3b (6e3 yyactma 3emMnu) ¢ TpeTbMM 4YNEeHOM 3KuMnaxa
xoHOM KonnuvH3oM U KakoBa Morna O6biTb MakcumanbHas [OAUTENb-
HOCTb Kaxaoro ceaHca? KonnuHa Haxoauncs B komaHgHoMm mopyne, ob-
pawatouiemcss Bokpyr JlyHbl No kpyrosoill opburte, npoxoasuiein Hag me-
cTom npunyHeHua ApmctpoHra v OngpuwHa Ha Bbeicote 111 Km.
OpburanbHoe 1 ocesBoe BpalieHue JlyHbl He Y4MTbiBaTb.

Oano: PeweHwne: M3o6pazum JlyHy v opbuty KomaHm-

e HOrO MOAYNs, MPOXOAALLYI0O HajJ MECTOM Mnocagku
i 5 s (Touka O). Ob6osHaymm pagwnyc JlyHbl 4epe3 R, a

h =111 km BLICOTY MOAYNS Hap, MOBEPXHOCTbIO JIyHb — ye-
oo pea h.
T— 7

OnpenenviM, NpyU Kakom YriOBOM MEpPeMeLleHMn rno opbute y (oTHOCU-
TENbHO MONOXEHUA Haa MeCTOM Mocafkn) KOMaHOHbIiA MOAyb OKaxeT-
CHl Ha SIYyHHOM FOPU3OHTE:

Y = arccos

=l e]
R+ h 20
MonyyaeTcs, 4TO0 NPAMyl0 CBA3b C [XxOHOM KONAuMH3OM MOXHO Obino
noaoepxuBaTb, NOka KOMaHOHbLIA MOAyNb pacnonaranca BHyTpu 40° —

. 1 . " .
Ayrun ceBoeun DpﬁMTH, YTO COCTaBnAeT 9 4YacTb €€ NoSHOW ANMHbLL. Han-

OEM Tenepb opbuTanbHbIM NEepuos KOMaHOHOro MOAYASA, y4MuTbiBasd, 4TO
ero opbuta KpyroBas M OH OBMXETCA C MEpPBOM KOCMWYECKOW CKOPO-
CTbO ANA [JAHHOrNO PacCToAHMA OT uUeHTpa JlyHbi:

5 (Raerig)ins (R + h)®
t = 2n —_V1 = 27 W’F—HGM i

o



3nece M — wmacca JlyHbl. YuncneHHass noacTaHoBka AaéT pesynbrar:
1,98 vyaca. 3a Bpema T, kotopoe Hun ApmctpoHr u 3pBuH OngpuH
npoeenn Ha JlyHe (21,6 4aca), KOMaHgHbIA MOAYNb MOYTU 3aBEPLUUI]

T

N = i 11 obopoToB. IMEHHO CTONIBKO CeaHCOB NPSIMOWA CBA3M MOXHO

OblN0 OpraHnM3oBaTb 3a AaHHbIA nepuog. MPOooCMKUTENBHOCTL KaXAoro
ceaHca T MOrfa COCTaBNsATb % opbutansHoro nepuona t, T.e.

13,2 MUHYTHI.
OTtBeT: 11 ceaHcoB; 13,2 MWH.

3apava 2. PaccuutanTte TpeTbld KOCMWYECKYID CKOpPOCTb — MWHUMAalb-
HYIO CKOPOCTb CTapTa KoCcMu4eckoro kopabnsa ¢ 3emnu, 4Ttobbl OH MOr
6e3 nocneaywwmx 3artpar 3Hepruu Haecerga NokuHyTbe CONHEYHY cu-
cTemy.

Pewenune: Brtopaa kocmuyeckas CKOpPOCTb, Heobxogumas p[ns Toro,
4ytobbl ¢ pacctosHua R = 1 a.e. npeogonete nputsxeHne ConHua c
maccon M wn ynetetb 3a npepensl CoOnHEYHOW CUCTEMBI, paBHa

_ |2GM
”“V R

n coctasnget 42,1 km/c. Ho 3emna cama gBuxertca no opbute co cko-
pocTbio 29,8 kMm/Cc, u nNpu 3anycke annapata B HanpasneHWW OBMXEHWS
3emMnn ero CKOpoCTb OTHOCUTENbLHO 3emnm MoXeT ObiTe paBHa BCero
u = 12,3 km/c. Ho Takoin CKOpPOCTbL AOnxHa ObITb yXe nocne npeoao-
NEeHNs 3eMHOro npuTsXkKeHusa. [ns onpeneneHus CTapTOBOM CKOPOCTU
BOCMONb3yEeMCH 3aKOHOM COXPaHEHUS 3Hepruu:

Vs =\’u2+g—Gr~M.

B pesynbrate TpeTbA KOCMU4YEcKas CKOpPOCTb V, Ha 3emne cocTasnaer
16,7 km/c (3aecCb m v r — macca u paguyc 3emnu).
OTteeT: 16,7 km/cC.

3apaua 3. MckyccTBeHHbI cnyTHUMK 3emnu umeet maccy 100 kr v ob-
pallaeTtca BOKpYr 3emnM MO KpyroeBow opbute ¢ paguycom, paBHbIM
cpeaHemy pacctoaHuio JlyHbl oT 3emnu. CnyTHUK COCTOUT M3 ABYX O4u-
HaKoOBbIX 4YacTeil, COoeaWHEHHbIX cTepxHem. o komaHpe ¢ 3emnm B
cTepxHe cpabaTbiBaeT WMMYNbCHLIM ABUratenb, OTCTPEenuBalowuin nse
yactnm gpyr ot apyra. Kakas aHeprua Ttpebyercsa, 4tobbl nocne Takoro
MaHEBpPa M3 OKPECTHOCTEN 3emMnu ynetena ofHa W3 OByX 4YacTen cnyrT-
Huka? obe 4actu cnyTHuka? Kakoe HanpaBneHwe umnynbca 3HepreTnye-
ckn 6onee BbIrOOHO B MEPBOM M BO BTOPOM chny4asax?
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AaHo: Pewenue: o lll 3akoHy HbloTOHa B pesynbtarte paboThb

m =100 «kr. asuratens B CTEpXHe ABe OOWHAKOBbIE 4acTW ChnyTHMKA
nosly4aTt npupaweHns CKOPOCTU, PaBHbIE MO BEAMYUHE W
E,—7? NPOTUBOMNONOXHbLIE MO Hanpaenenui. Ecnu nepen Hamu
B2 CTOUT 3aJa4a BbIBECTU M3 NOMA TArOTEHUA 3EeMNun TONbKO
O4HY 4acCTb, TO MOXHO WMCMONbL3OBaTbL €€ BpallEHWEe BO-
Kpyr 3emau, npuaae el OOMONMHUTENbHYK CKOPOCTb B
3TOM Xe HanpasneHun (neBblt pucyHokK). lNpu 3atom BTO-
PO CNyTHUK NEPenaeT Ha INNUNTUYECKYID OpouTy.

MpwpalweHne cCKkopocTM, KOTOPOE MOMAy4uT nepeas 4acTb CMyTHMKA, paB-
HO Pa3HOCTW BTOPO M NEPBOM KOCMUYECKUX CKOPOCTEW ANA OaHHOro
paccTosHua oT 3emMnu:

v = vy - vy = B G (g

3pece M — macca 3emnu, R — pagnyc Kpyroeoi opbuTbl CnyTHUKA,
PaBHbIA CpegHeMy pPacCTOoAHUIO A0 JlyHbl. BTopaa yacTe cnyTHWMKa nony-
YaeT Takoe Xe No MoAynw npupalleHue CKopocTu. B cucteme oTcyéTa,
OBUraBLlUeCa A0 BKOYEHUS OBUratens BMEcTe CO CNyTHUKOM, obe 4a-
CTW NOKOUNUCb, a nocne ero paboTbl OHW CTanu ABMraTbCA CO CKOPO-
cTeto Av. CnepoBaTenbHO, NONyYeHHas UMW 3HEPrusa pasHa
_ m(Av)2 3 _ 242 GMm

EoF TNBEE T e A
4yto cocrtasnser 8,89-10° Ox. 3ameck m — macca cnyTtHuka (obeux 4ya-
cCTEn BMecTe).
Ecnn xe Heobxooumo BbiBECTWM Ha napabonuyeckume opbutbl obe nono-
BMHbI CNYTHWKA, TO MNpuaaeatb MM MMMYNLC, MapannenbHbliil Hanpaene-
HUIO X opBuTanbHOro ABWMXEHWA, yxe He Oyner 3HepreTM4ecku Bbiroa-
HO, Tak kak 310 Oyaetr cnocobCTeoBaTh nepesogy Ha napabonuyeckyro




opbuTy OAHOI MONOBWHBLI, HO CYLLECTBEHHO 3aTpyaHWUT NepeBon BTOPOW
nonoBuHbl. lMpolle Bcero npuaatb oberMm 4YacTaM npupalleHue CKopo-
CTW, NEepneHauKynspHoe ux opbuTanbHOMY AOBWXEHWUIO (NpaBbli PuUCy-
HOK). YT0Bbl 0BEe 4acTum nocne mmMnynbca MMENn BTOPYID KOCMWYECKYHO
CKOpPOCTb, NPUPAalleHnue O0MKHO ObiTb paBHbIM

.&V = .I|||u|-§ s u? = 1’%1
T.€. NEepBO KOCMWYECKOW ckopocTu. nsa artoro notpebyerca aHeprus

m(Av)2 _ GMm
D 5 - P

paBHaa 5,18+-107 [Ix. 3TOT Xe pe3ynstat MOXHO HanpsMylo MonyYuTb
N3 3aKOHa COXpPaHEHWs 3HEepruu C y4eTomM TOro, 4YTO BCE 4acTU CryTHMU-
Ka B pes3ynbtare MNOKUHYT OKpecTHocTn 3emnu. Ob6patute BHMMaHUE,
4YTO OaHHas 3Heprusa no4ytm B 6 pas3 Gonbwe, 4em B cCinyyae BbiBOAA Ha
napabonuyeckyrd opbuTy TONLKO OLHOM MONOBWMHBLI CnyTHMUKA!

OTeert: 8,89:-10° Ox; 5,18-107 [x.

e

3apaya 4. [lse 3Be34bl CONHEYHOM Macchl oOpallaioTca BOKpyr obuie-
ro ueHTpa macc 3a 25 cytok. TpeTbs 3Be34a, Takke noxoxas Ha ConH-
ue, yaaneHa oTt ator napbl Ha pacctosHue B 100 pas 6Gonbwe, 4em
paccToaHue Mexay nepsbiMu AByms 3Bé3aamu. Kakoe nepwop obpatlue-
HWUA TpeTben 3Be3abl?

HAaHo: PeweHnune: PacctoaHne mexay AByMA 3BE3OaMU B TECHOW
T=25 cyr nape onpegensietca u3 obobwenHoro |l sakoHa Kennepa:
= 1
s _(G-EMTE)E
= 2
jm 4n

n coctasnsetr 0,21 a.e. 3pece M — macca ConHua, T —
nepwion, obpaweHna 3Bé3n. Tpetba 3Be3ga obpaulaercs
Ha paccTtosiHum b = 21 a.e. oT gaHHOW napsl. MNepuon eé
obpaweHmns MOxXHO Takxe HanTu no Il 3akoHy Kennepa,
OQHAKO MpW 3TOM HYXHO Y4Y4eCTb, 4YTO CymMmmapHass macca
cuctembl coctaBnsaetr yxe 3 maccbl ConHua:

1
. (4::21::3 2
- \G-3m
Nepuog, nonyyaetca paBHbiM 55,9 ner.

OTtBeT: 55,9 ner.
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IV. CTPOEHME COJIHEYMHOW CUCTEMDbDI

Ckonbko Bcero HeDecHbIX CBETW/, NepeMeLlalLlmxca OTHOCUTENBHO Aa-
nékmnx 3B€3a, ObINO BKAKOYEHO B cuctemy [lTonemes?

B 2003 roay Gbina oTkpbiTa panékaa manaa nnaHeta CepnHa. B nepure-
nun oHa nogxoawmt K ConHuy Ha 76,3 a.e., 3KCUEHTPUCUTeT eeé opbuTsl
0,859. Onpepgenute nepuog obpaweHns CegHbl Bokpyr ConHua.

BoamoxHo nu cywectBoBaHue Ten CONHEeYHOW CUCTeMbl C NEepuoaom
obpaweHna B 1 MUNIMOH neTt?

[oe Haxogutca uUeHTp macc ConHeYyHoW cuctembl — BHyTpu ConHua
MAKU CHapyxu?

B Hoyb Ha 1 aHBaps 1801 ropa Gbina oTkpbiTa Kapnukoeas nnaHerta Lle-
pepa, KOTopas oOkadanacb B MNPOTUBOCTORHWM HA paccrtosHuu 1,75 a.e.
ot 3emnu. Opbuta Lepepbl 6an3ka Kk kpyroBoil. CKONbKO MOAHbIX 060-
poToB Bokpyr ConHua caenana Lepepa c tex nop oo Havana 2018 ropa?

Llepepa okaszanacb cambiM KpynHbiM OOBEKTOM rNaBHOro Nosica acTepo-
nooe (anametp 1000 km). Onpepenute gmnanasoH BO3MOXHbLIX 3HAYEHUIA
eé yrnoBoro amameTtpa npu HabnwageHun ¢ 3emnu.

KomeTbl npunertaiT BO BHYTPEHHWE pailoHbl CONMHEYHOW CUCTEMbI C eé
nanekmx okpauH. Mcxoos u3 3aToro, onpegenure auanasoH BO3MOXHbIX
CKOpPOCTEe MX MNPONIETA OTHOCUTENILHO 3eMau.

Mpeanonoxum, mecto ConHua B ueHTpe CONHEeYHOW CUuCTEME 3aHAn
IOnuTtep, a 3emna NpogonXuna BpawaTtbca no opbute ¢ Tem Xe paau-
ycomMm. Kakum ctaHeT opbutanbHbid nepuon obpawieHua 3emnu?
Kakaa saApkas 3e3na wrpana ponb MNMonsapHoi 14 000 net Haszan?
Cepebpuctole obnaka moryt ObiTb BuaHbl 21 uioHa B Apocnaene (wwwmpoTta

57,6°) B 3eHuTe BCIO HOYb. Onpepenute BbICOTY cepebpucTbix 06nakos.

Onpepenute BeNMYUHY yckopeHuss cBobogHoro nageHus Ha CeBepHoMm
nonwce 3emMnu.
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Ecnu Bclo armocdepy 3emnn cpenate OOHOPOAHOW C COXpPaHeHuem
MacChl U Npu3emMHbiX GU3NYecKmMx YCNoBwui, oHa ByaeT UMeTb TOMLUUHY
8 km. HamamTte oTHOWeEHWe maccel atMocdepsl K macce 3emnu.

Y10 maccueHee — artmocdepa unu rugpocdepa 3emnn?
3se3na B Manoit Megeeanups! (o = 14,8 4, & = +79°) nony4una Hazsa-
Hue Koxab, wnn «3Be3pa CeBepar. OueHUTEe, B KakOM BEKE el MOrmwu

0aTb TakO€ Ha3BaHWeE.

Crtpenka ¢ kakmm MNOMKOCOM MarHuTa y Komnaca ykasbiBaeT Hanpasne-
HWe Ha ceBep?

Morna nu nosBuTLCA XWU3Hb BONM3M 3kBaTopa 3emMnmM B OTCYTCTBUE
napHukoBoro adgpdexkra?

MNMoyemy ONNTENLHOCTb COJIHEYHLIX CYTOK Ha JlyHe He coBnapaeTr C ne-
pUoaOM e€ BpalleHus?

CKONLKO NPUAMBOB B JIYHHBIM MECSL, NPOMCXOANT B OOHOWM To4yke 3emnu?

MHoro nu Bogbl B NYHHBIX MOPAX?

Ha kakoi rnybuHe Nog NOBEPXHOCTbIO 3EeMNM PacnonoXeH LUEeHTP Macc
cuctembl 3emna—JlyHa?

[oe npunuebl CUNBHEE — Ha dKBaATOpe WAKW Yy NONKCoB 3emMnu?

Kak co BpemeHeM MEHSETCH yrnoBas WM fIMHeMHas CKOPOCTb OBUMXEHUS
JlyHbl BOKpYr 3emnu 3a CHET NpUNIMBOB?

Mpu kakoi macce JlyHbl NpunuBbl Ha 3emne Nepuoanyecku ucvesanu
6b1? B kakon ¢dase JlyHbl 31O npoucxoamno 6ui?

MonoxeHne kakoro OGonbworo kpyra HebecHolt chepbl — HebecHoro
3KBaToOpa WM 3KIUNTUKKU — CUNbHEe W3MEHUTCHA OTHOCWUTENbHO 3BE3[ B
bamxanmwume 1000 net?
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foe cuna Tskectn HONble — B SiYHHOM MOPE Ui Ha matepuke?

B 4éM npuymHa TOYHOro cOBMaAEeHus opbuTanbHOro M OCEBOro nNepuo-
nos Bpauienus JlyHsl? Bcerna nu tak 6bin10?

Ha kakoit nnaHete CoOnHEYHOW cuUCTEeMbl MOXET J[OelnCcTBOBaTb CamMas
Bonblwas npunueHas cuna? Ha kakoi nnaHete CoOnNHEYHOW CUCTEMbLI ca-
Mble OOnblMEe BbICOTbI NPUIWBOB?

Mepen Bamu ¢$oTo HekoTopbix nnaHet ConHeyHon cuctembl. OgHa M3
nnaHeT npeacrtaBneHa cpasdy Ha Asyx dotorpadpusx. Kakue 3to ¢oTto-
rpadum n 41O 3TO 3a NnaHerta?

Kakasa nnaHeta ConHe4HOW cucTtembl obnagaeTr camor ropsaven noBepx-
HOCTBIO WU MnoYemy?

Y kakoi nnaHetbl, kpome 3emnun, Obina Bnepsble OTKPbITa atMocdepa?
Koroa v kak 3to Bbino cpenaHo?

Ha kakoe HebecHoe Teno — JlyHy, BeHepy wnun Mapc — Obino npolue
OCYLLECTBUTL MArKYK Nocagky KOCMUYECKOro annapara v nodemy?

MNepeuncnute Bce HebecHble OOLEKTbI, BUAUMLIE HEBOOPYXEHHbLIM rfa-
30M Ha OHEeBHOM Hebe 3emnu.

Bo ckoneko pas yrnekucnoro rasza B atmocdepe BeHepbl Donblie, 4em
B atMocdepe 3emnn?



Kaknm ctaHoButcs yrnoon awametp KOnutepa BO BpemMms ero npoTMBO-
CTOAHWIA?

Kakas BHelWHSA nnaHeTa CUbHEE BCEro MEeHsieT CBOK SAPKOCTb OT Mpo-
TMBOCTOSHUA K coeauHeHunio? Bo ckonbko pa3 oHa mexsetca? Opbutsbl
NAaHeT cYuTaTb KPYroBbIMW.

NMnotHoCTe kakoi nnaHetsel CONHEeYHOWM CcUucTemMbl MeHbLe nNOTHOCTK
BOObLI?

Y Kakon nnaHeTbl camoe cunbHoe cxatue Gopmbl Yy NONKCOB?

Konbua kakux nnaHet ObinK OTKPbITbl C 3emnu, a Kakux — c boprta

KOCMUYECKUX annaparoB?

Kakoe teno ConHe4yHoW cucTembl obnagaet camou CWbHOK ByfNKaHW4e-
CKOW akTUBHOCTLIO? WM3-3a 4ero?

Ckonbko ob6bektoB CONHEYHOW CUCTEMbI, KOTOpbIE CerYac cYuTalTCH
KapNukKoBbIMW nnaHeTamu, Obino naeectHo oo 1990 ropa? Kak oHM Ha-
3bIBAOTCA?

OpbutancHblli nNepwog, Manow nnaHeTel Xaymea pasBeH 282 ropawm.
CKONbKO BPEeMEHW HYXHO ny4y ceeta, 4tobbl gontm ot ConHua go Xay-
Mea, OTpasuTbCsa W nonacTtbk Ha 3emnio? Cuutate opbuty Xaymea Kpy-
roBOW, nnaHeta B MPOTUBOCTOAHMKM C ConHuem npwu HabnwogeHun C
3emnu.

OueHnTe OANTENLHOCTE MNOKPbLITUA 3Be3abl [MnyToHOM (B NMPOTMBOCTOSA-
HuMm ¢ ConHuem) npu HabnwaeHun ¢ 3emMnu.

B kakoi ce30H — B paBHOAEHCTBUE WNW CONHUECTOSIHUEe — Tennee Ha
akeartope Ypana?

B HacTosauwee Bpems BeOyTtcAa MNOWMCKKM BO3MOXHOW AOEBATOWM nNNaHeTbl
ConHevyHoOW cucTemsbl, KOTOpas MOXeT umete guameTtp B 10 auameTpos
3emnu 1 pacnonaratecs B 280 a.e. ot ConHua. Actepoua Kakoro gwva-
MeTpa B rnaBHOM nosice Byoer uMeTb Takylo Xe ApKOCTb Ha 3emne, Kak
n ata nnaderta? OTpaxaTtenbHylo cnocobHOCTL acTepouaa W nNaHeTbl
CYUTaTh OAWHAKOBOW.




Mepen Bamn dotorpadpmm Heckonbkux 06bekToB CONHEYHOW CUCTEMBDI
(poTo 1). Pacnonoxure nx B NOpsake yBeNM4YeHWs pa3mepos.

@doro 1 doTo 2

Mepen samu dotorpadum HECcKoNbKux HeBecCHbiX 00BLEeKTOB U fABAeHWUIA
(poto 2). Haigute ¢doTo 06bEKTA, HE UMeEWero obulero NPoOUCxXoxae-
HUSE CO BCEMW OCTaNbHbIMM,

Buanmas apkocTe acTepouaos NponopumoHansHa r2+-d=, rape r v d —
pacctosHme actepouga ot ConHua u 3emnu. [Ina KOMET APKOCTb Mpo-
nopunoHansHa rN-d=?, roe uucno N Bapeupyetr ot 4 go 6. B uém co-
CTOUT NPUYMHA TakoW pasHUUbI?

Koropa B XXIl Beke cnoxarcsa 6naronpusTHble ycnosus ansa HabnopeHus
komeTtsl anneq?

Moyemy pona Apkux kKomeTt 6onble cpeau KomeT ¢ napabonnyeckrumu
unnu gaxe runepbonuyeckumu opbutamun, a cpeou KopoTkonepuoauye-
ckux komeT (nepuoa meHee 100 net) Apkmx o4eHb mMano?

MeTeopHbIi NOTOK JleoHMAabl pe3Ko ycunueBaeTca pa3d B 33 ropa. Hai-
ante adenmmHoe pacCTosHue KOMEeTbl Temnena—TyTTna — npapoau-
TeNbHUUBI NOTOKA.

C kakmMu CKOpOCTAMW METEeOpHble Tena BToprawTca B artMocdepy
3emnu?



OueHuTe 3HEepruld nageHws meteoputa maccon 1 T Ha 3emn B TpPO-
TUNOBOM 3KBMBaNeHTe. DHeprusa B3pbiBa 1 kr TpoTtuna paeHa 4,2 MIXx.

Mo coBpemeHHbIM NpeacTaBneHnam JlyHa obpasoBanack W3 MHOXecTBa
MENKNX OCKONIKOB, BO3HMKLUWX NPW CTONKHOBEHWW WUCTOPUYECKOWn 3emnu
C Apyron nportonnaHeton. CyuTtasa cpenHuin paguyc OCKONKOB pPaBHbLIM
1 kM, ux pacctoaHue oT 3emnm — 60 000 km, onpegenuTe, BO CKOMbKO
pa3 oHM BMecTe ObinM sipye Ha HOYHOM Hebe, 4eM HbiHewHss JlyHa.
OnTu4yeckne CBOWCTBA NYHHbLIX NOPOA CYMTaTb HEWM3MEHHbIMWU C TEeX Mop.

Jonroe BpeMsa acTepouibl CYUTANMCb OCKOJKAMW HEKOW A0MCTOpUYye-
ckoil nnaHetbl PasatoH. O6bACHUTE, MOYEMY 3Ta rMNOTEe3a OTBEpPrHyTa B
HacTosiLLuee Bpems.

Temn HarpeBaHWs METEeOpPHOro Tena Mpwu ero BTOpPXeHuM B atmocdepy
NPONOpUMOHaNeH TPETbEr CTENEHW ero CKopocTu. Kakoe M3 apyx ogn-
HakOBbIX Ten onacHee — pABuxkyuleeca no opbute HaecTpeywy 3emne
M1 OoroHawwee 3emnio?

NMPUMEPbI PELLUEHNA 3A0AY

3agaua 1. [lpegnonoxum, 4yto B CoOnHEYHOW cuCTeMe ecTb nnaHera
MNpoTuBO3EMNA Manoi MaccChl, OBWXYLWAACA TOYHO NO opbute 3emnu C
oTcTaBaHmem Ha nonropa. Onpegenute MakCcumanbHOE YrnoBOEe paccTo-
aHue [MpotuBosemnu ot ConHua npw HabnwaeHun ¢ 3emnu. YOanoch
Bbl 3Ty NNaHeTy 3aperucTpyupoBaTe C NOMOLUBLID HasemHbix obcepBarto-
pUin?

Hantu: | Pewenune: o ycnoeuio 3agadn macca naaHeTsl mana, v Mbl
Yy — ? HE CMOXEM 3aperucTpupoBaTtb €€ Mo rpaBuUTaUMOHHbLIM BO3-
MYLIEHMAM Ha aBukeHus apyrux HebecHbix Ten. OgHako, kKak
HW CTPaHHO, Mbl CMOXeM €€ npocTo ysuaeTs! BcnomHum,
4TO opbuta 3emnu SBNAETCA INNUMNTUYECKON C SKCLIEHTPUCK-
Tetom e = 0,017.

Mo Il 3akoHy Kennepa paguyc-BeKTOp, HanpaBneHHbin n3 uentpa Conk-
Ua B UEHTP nNnaHeTbl, 3a paBHble MNPOMEXYTKW BpPEeMEHW OnucbiBaeT
paBHblie nnowaau. Maobpasum opbuty 3emnm (1 lMpoTtuBo3emnu) BO-
kpyr ConHua Ha pucyHke. ConHue HaxoguTca B TOo4Yke S, nepurenni
opbutel — B TOo4ke P, adennin — B Touke A. OB03HaAYMM UEHTP annamn-




ca 4yepe3 O, Tornpa anuvHa otpeska OS Oyper paBHa ae, roe a — 6onb-

Wwas nonyocb opbutel 3emnu. lNycte 3emns (Touka E,) HaxoauTcs B ce-

peavHe BpPeMeHHOro wWHTepBana mexay adenuem u nepurenvem, a

Npotueosemna (E,) — mexay nepurenvem n adenvem. Torga nnowaan

4acTel annaunca, orpaHudeHHble oTpeskamn SE, wn SE,, coBnapaior.

Ecnn cuutath 3KCUEHTPUCUTET OpbuTebl 3eman e mManeiM, TO U3 paBeH- _

CTBa niowanein ¢ TOYHOCTLIO A0 €% anuHa oTpeska SE, Gyaet pasHa ;
5. 2ae. A 31O 03Hayaer, 4TO npu HabnwogeHuwn c¢ 3emnm lNpoTuBolemns
Oyper HaxoguTbCA Ha YINIOBOM PaccTosHuu vy = 2e pag wam 1,95° ot
ConHua. KoHe4yHo, 3TOro HemocTaTtovHo, 4To6bl yBUAETh [MpoTUBO3EMIO i
Ha Bocxoge wnu 3axoge ConHua, HO gano 6bl HaM BO3MOXHOCTL 6e3 |
Tpyda HauTu eé BO Bpems NoaHOW ¢asbl COMHEYHbIX 3aTMEHUN. ‘

& E, Npotusozemns

E, 3emnsa

Oreer: 1,95°, MOXHO YBMUAOETH.

AR 3apadya 2. B momeHT npoxoxaeHns BeHepon HWXHEro coeauHeHws
o Habnwopatenn Ha 3emne cpeacrtesamMu paguonokKauuvu MocTPpounu Kaprty
BMAMMOro nonywapus Benepbl. B cnegyloulee HuxHee coeguHeHue pa-
OM0acTPOHOMbI CHOBa MNPOBOOAT CeaHC paguonokaumn. Ha kakoi yron
% noBepHynack kKaptorpadupoBaHHas NOBEPXHOCTb (nobas oTMevyeHHas
TOYKa Ha NoBepxHOCTU BeHepbl) NO OTHOWEHUK K 3aPUKCUPOBAHHOMY B
T npeabigywee coeguHeHue nonoxeHuio? CKONbKO OOMKHO MPOWTU HUX-
e HWUX coeguHeHui, 4yTobbl Takum 06pPa3oM NOCTPOUTL MOMHYKD KapTy Be-
5‘% Hepbl? BeHepa cosepwaetr oguH obopot Bokpyr ConHua 3a 224,70 cy-
1 TOK, @ BOKpyr ocu — 3a 243,02 cyTok.




OaHo: PeweHnune: CuHogun4yeckuihi nepwon BeHepbl paBeH
T = 224,70 cyr Bl Tg 2 3 o224.71365,26: o .

P = 243,02 cyT AP e e T e ke S
Rfecos roe T u T, — nepuoapbl oOpaiieHna Bokpyr ConHua
NAIE & BeHepbl 1 3eMnn COOTBETCTBEHHO.

BEJ’IW—IHH}‘ COJIHEHYHbLIX CYTOK Ha BEHEDE MOXHO BblMMCNIKUTE U3 COOTHO-

LeHH
T-P _ 22470 243,02

T+ P ~— 224,70 + 243,02

roe P — nepuop BpauleHus BeHepbl Bokpyr ocu. OTcioga nonyy4aem,
4YTO 3a nepuog mexay AByma NpoXoXaeHAaMKWM HUWXHEro coeguHeHwsa, TO
eCTb OAWH CUHOOMYECKMA nepuon, Ha BeHepe npoxoguT pPOBHO

S = = 116,75 nHe,

S
H = i 5 CONHeYHbIX CYTOK, T.e. BeHepa kaxaoe HUXHee coeauHeHue

pacnonaraetca K 3emne OAHOW CTOPOHOW (acTPOHOMbI TOBOPAT, Y4TO
oceBOe BpauleHne BeHepbl Haxogutcs B pe3oHaHce C CUHOAWYECKUM
nepuoaom BeHepbl No OTHOWEHMID K 3emMne). 3Ha4uT, paauonokauuen
TONLKO B HWXHEM COEegMHEeHUM MOXHO MOCTPOUTbL KapTy TONbKO OAHOro
nonywapus BeHepbl, a NOMHYID KapTy MOBEPXHOCTWU MOCTPOWUTb HEJIL3A.
Oreer: AL = 0, uucna N He cywecTByerT.

3apna4a 3. [lo coBpemMeHHbIM [aHHbIM MaccoBas [0NA Kucnopopa Ha
ConHue coctaenset 0,8%. Ha ckonbko nnaHeTHbIX atMocdep Tuna 3em-
HOW XBaTWNO Obl CONHEYHOro kucnopona?

OaHno: Pewenue: Onpegenym nNOMHyIO MacCy Kucnopoga Ha
n = 0,8% | ConHue:
- l My =n*M, = 1,6 - 10% «r.

3pece M, — macca ConHua. [lanee Ham HYXHO OMNpeaenuTb maccy ar-
Mocdepbl 3emMnu. 3TO HECNOXHO cpenaTth, 3Has aTtMocdepHoe pasne-
HUe Yy MNOBEpPXHOCTU HalweW nnaHetsl p. 3TO eCTb Ccuna, C KOTOpOW
cton® armocdepbl OaBUT Ha eouHUUy nnowaau noeepxHocTu. Macca

aToro cronba paBHa D
“ g E!

rae g — yckopeHue cBob6ogHOro nageHws Ha noBepxHocTu 3emnu. Yto-
Obl HanTM OOy Maccy, YMHOXUM BENUYMHY L Ha nnowaas noBepx-
HOCTKU 3emnu: 4nR2p 4nRp

= 2 B o
m = 4nRgu = 5 ML
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3pecb R v M. — paouyc n macca 3emnu cooTeeTcTBeHHO. Macca at-
mocoepsl 3emnm coctaenset 5,2 - 10'® k. CopepxaHue B Hel Kucno-
poaa coctaBnsaer 21% no o6bEMY UM nNpPakTUYECKW Takylo Xe A0 Mo
mMacce (Tak kak MONApPHbIE MaCChbl KMCAOPO[a M OCHOBHOro armocdep-
HOro rasa, asora, 6ausku). B uTore macca kucropoga B arMmocdepe
3emnun coctaenaet yytk 6onee 10'® k. ConHeuwHoro kucnopoaa xsaTwuio
6ol Ha 1,5+ 10", Te. Ha 15 Mmnpa atmocdep Tuna 3emMHOIA.

OTtBeT: 15 mnpga.

3apaya 4. HepgasHo Obina OTKpbITa KOMeTa, uMmetowas bneck 107. Pac-
4ETbl OpOUTLI NMOKasanu, 4YTOo 4Yyepes ABa Mecsua OHa BOBoe MpubnNU3uT-
ca K ConHuy u 3emne. MoxHo nu Byaetr Habnwofate €€ HEeBOOPYXKEH-
HbIM rnasom B 9T0 Bpema? Cuurtatb, 4TO SPKOCTb KOMETbl 06paTHOo
NpPoNopuMoHanbHa 4YeTBEPTOM cTeneHwn paccrtoaHua o ConHua.
Pewenwne: Korpa komerta npubnuautca Kk ConHuy B ABa pasa, OHa cTa-
HET nocbinate B KOCMWYECKOe npocTpaHCcTBO B 16 pa3 6Gonbwe ceeTa.
Mpu aTom oHa ewgE BaoBoe npubamantca K 3emne, n eé Buaumas fap-
KOCTb Ha Hawei nnaHete ycunutcs B 64 pasa. HetpyaHO nocuutarth,
4YTO NMpU 3TOM €€ 3BE3AHas BeNuyMHa YMEHbLIUTCA 4YyTb Bonee 4yem Ha
4 5™ (BCMNOMHWUM, 4TO pPa3Huua B 5™ COOTBETCTBYET OTHOLWIEHWUIO APKO-
cten B 100 pa3, a 1™ — B 2,512 pasza). Takum obpasom, oHa Oyaer
CBETUTb YyTb Aip4e 3Be3abl 5,5™, T.e. BNONHE CMOXET ObITb HanpgeHa He-
BOOPY>XEHHbLIM Ma30M Ha TEMHOM sicHOM 6e3nyHHOM Hebe, pasymeeTcs,
ecin He Oypet Haxoawutbes cnuwkom 6nm3ko k ConHuy.

OTeeTt: [la, MOXHO.
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V. ACTPOOPUN3UKA U 3BE3IHAA ACTPOHOMMA

YrnoBoe paccTtofiHMe mexay KOMMOHEeHTamMu OBOWHOW 3Be3dbl paBHO 27,
Teneckon ¢ kKakum AOWaAMETPOM 00beKTUBa U YBENUYEHMEM HYXHO WC-
nonAbL30BaTh, 4TOObI YBWAETH KOMMNOHEHTbl MO OTAENbHOCTU?

Pa3zpelueHne 4enoBe4yeckoro rnasa B HOYHOEe Bpems COCTaBnser npwu-
mMepHo 2°. Kakum oHO OyoeT npu mcnons3oBaHWM Teneckona ¢ auame-
Tpom obbekTMBa 8 cm u yBenudenuu 200 kpart?

Nepen Bamwu doTtorpadma ABOWHOW 3Be3dbl, YAANEHHOM OT HACc Ha
118 nk. Onpepenute MWHUMANbHOE PAaCCTOSAHUE Mexay 3Bé3gamMu B
nape B acTPOHOMWMYECKWX eauHuLax. :

Teneckon nmeet o0bbekTME ¢ gnametpom 40 cM M POKYCHbIM PacCTOSAHU-
eM 4 M. Kakoi HyxXeH OKynsp Ana O0CTUXEeHWs yBenuydeHus B 50 kpat?

Halioute yrnoBoe paspelueHne CUCTEMbl U3 Ha3eMHOro pPaanoTenecko-
na M KOCMuYeckoro anmnaparta «PaguoacTpoH» B pexume paguouHTep-
depomeTpa, ecnm «PaguoacTtpoH» yganéH ot 3emnu Ha 330000 km, a
HabnooeHna NPoBOAATCA Ha ANMHE BOJHbI 18 cm.

Kakoit HyxeH Teneckon, 4tobbl BW3yanbHO Habnwogate 38&3abl 16M7
PazHnua B 5™ cooTBeTCTBYEeT OTHoweHuto apkoctku B 100 pas.

MHorga npu Xopowux atMocdepHbiX YCnoBusx Ona HabnwpeHws apkux
TECHbIX ABOMHbLIX 3BE34 WMCMNONL3YETCH CUHMWA CBETODUALTD. 3a4yeM 310
genaertcs?
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B kOMnNNekT noctaBky NWOUTENbCKUX Teneckonos 00bMHO BXOAAT He-
CKONbKO OKYNsipoB C (OKYCHbIMKM PACCTOSHUAMM, pasnuMyalolmMMncs B
10—20 pas. 3auyem aTO Oenaertca?

Ob6bekTuB Teneckona wumeer aumameTp 20 cMm 1 POKYCHOE PacCTOAHME
1 M. Okynap ¢ kakmm makcumanbHbiM (POKYCHbIM PaCCTOSHUEM WMEET
CMbICA MCNONbL30BaTh NPKM HabnwAeHUAX C 3TUM Teneckonom?

Ha xakon onuHe BonHbl papuoteneckon «PATAH-600» (konbuo oTtpaxa-
Tenei guametpom 600 M) MOXeET OOCTWUYL YrNOBOrO paspelleHus B
e

Bo CKONbKO pa3 HyXHO yBenu4uTb OuameTp OObekTuBa Teneckona, 4To-
Obl yNy4WKUTbL pa3pelleHne B 2 pasa? yBesM4ynTb TPOHULAIOLYIO Cro-
cobHOCTbL Ha 1M7

Kakas 3SHeprus execekyHOHO Boigensetcs ¢ 1 M? NOBEPXHOCTU
ConHua?

Kakon ctaHetr cBeTuMocTb CONnHuUa, ecnyu OHO BCE MOKPOETCA MATHaMu?
Kak oHo 6yper Bbirnagete B Hebe 3emnu?

Kakon pasmep ropu3oHTanbHOW KBaApPaTHOWM CONHEeYyHoW Bartapen HyXeH
ONs KPYrnocyTo4Horo notpebneHms opgHoro Hebonbworo goma (MoLu-
HocTe 20 kBT) B Tponnyeckom nosce 3emnn, ecnn KM condeunon Ga-
Tapen 20%?

Kakaa sHeprusi npoxoguT eXecekyHOHO 4epe3 1 M2 ropu30oHTasibHOM
noBepxHOCTKU OT 3Be3abl 0™, pacnonioXeHHOW B 3eHuTe?

Kakyldo MWHUMAanbLHYyI0 MOLWHOCTb M3Ny4eHWa GUKCUPYET YenoBevyeckui
rnas?

dokaxute, 4to ecnn Obl Mmornu HabniogaTe B TENECKON AMCKW 3BE3a, TO
3ameTunm Bbl, 4TO UX MNOBEPXHOCTHas SPKOCTL OMNpPeaenseTca TOoNbKO
TemnepaTtypoii noBepxHOCTU 3Be3[bl.

N3BeCTHO, Y4TO CONHEYHasi KOPOHA CWUNbHO Pa30rpeBaeTcs MarHUTOo3BY-
KOBbIMW BONHamu. Mcxoas w3 TOro 4TO KOpOHa COCTOUT B OCHOBHOM M3
MOHWU30BaHHOrO BOAOPOAA, ONpegenuTe eé MakCUManbHO BO3MOXHYIO
Temreparypy.




MNoyemMy conHeyHas KOpPOHA, XOTb WU Oydy4n 3HAYUTENBHO rops4dyee nNo-
BepxHocTn ConHua, cBeTUuT BCE Xe cnabee m BuaHa Ha 3emne TONbKO
BO BPEMSA MOJIHbIX COJSIHEYHbIX 3aTMeHWiA?

C kakum cBeTOOUNLTPOM CONHEYHble NATHA OyayT Beirnagets Haubonee
KOHTPAacTHO? HauMeHee KOHTPaCTHO?

Kak moxHO Habnwaate nosepxHocTs ConHua B Teneckon, He noasepras
rnasa onacHocTu?

Onpepenute BENWYUHY CONHEYHOW NOCTOAHHOW HA PacCTOAHMKM BeHepbl
n Mapca.

Kakyio TemnepaTtypy MMeeT 3Be34a, eC/iM MakCMMyM €€ M3Ny4yeHus npu-
XoauTcs Ha pnuny BonHbl 4000 aHrcTpem?

C nomowpio COBPEMEHHBLIX TENeckonos Obinu M3MepeHbl YrnoBble Aua-
MeTpbl OByX 3BE3[, W MNONY4MnocCb, 4TO y nepsow 3ee3gbl oH B 10 pas
Bonblie, yem y BTOpOW. TemnepaTypa MNOBEPXHOCTM NEPBOM 3Be3abl
BOBOE MeEeHblue TemnepaTrypbl MNOBEPXHOCTW BTOpPOW 3Be3dbl. Kakas w3
3BE34 CBETUT sip4e B Hawem Hebe?

OBe rnaeubie 3Be3abl co3ee3gns OpuoHa — betenereiize u Purens —
npUMepHO oauHakoBO Apku B Hebe 3emnu, Ho Betenbreise B 3,5 pasa
xonogHee. Kak COOTHOCATCA YrnoBble AuameTpbl 3TUX 3Be347

Ckonbko kunorpammoB Bogopoaa ConHue CXuraer 3a 3eMHble CYTKU?

YckopeHne cBOOOAHOr0O NageHus Ha MOBEPXHOCTW KOPWYHEBOro kKapnuka
B 10 pas 6onbwe, 4yem Ha 3emne, a no macce oH B 20 pa3 npeBoc-
xoant Onutep. Hangute ero cCpenHo NAOTHOCTb.

3Be3na rnaBHOW NOcNenoBaTenbHOCTU UMEeeT TemMneparypy noBepxHOCTH
10 000 K. KakoBbl €€ CBETHMMOCTb WM CNEKTpanbHbliA knacc?

ABCONIOTHON 3BE3OHON BENWYMHOKM 3Be34bl Ha3blBaeTcs €€ Buaumas
3B&30HaA BenuynHa ¢ pacctosHua 10 nk. ABconwTHas 3BE3aHaA Benu-
yuHa ConHua pasHa +4,7". Yemy paBHa abconoTHas 3BE3aQHas BeNWYu-
Ha 3Be3abl Bera, csetumocTb koTopoil B 40 pa3 Gonblie CBETUMOCTW
ConHua?




BoiBegute COOTHOWEHWE «paauyc—Temnepartypa» A0S CBEepPXruraHToB C
O4MHAKoBOW cBeTuMocTbio B 10° ceeTumocTteir ConHua.

Moyemy cambie cunbHble NMHKMKM B cnekTpe ConHua npuHaanexar WOoHW-
30BaHHOMY Kanbumio, xoTa ero Ha ConHue 3Ha4YnTENbHO MEHbLUE, Yem
Bogopoaa?

Mo Buay auarpammbl lepuwnpyHra—Peccena ¢ y4€TOM 3aBUCMMOCTMU
«Macca—CBETUMOCTb» OJIA 3BE3[ rMaBHOW NOCnenoBaTenbHOCTW BOCCTa-
HOBUTE ONsl 3TUX 3BE3[ COOTHOLLUEHWE «Mmacca—paguyc».

3Be3ga BUAHA HEBOOPYXEHHbIM rna3om C paccrtofHus 3000 ceeToBbix
net. 4Yto arto 3a 3Be3ga?

Mynecap umeet pagnyc 10 km 1 maccy 1,5 macc ConHua. Onpepenute
MWUHUMANbHO BO3MOXHbLIA NEepuon BpaweHus nynscapa.

Onpepennute MWUHUMAaNbHbLIA OPOUTANLHLIA NEepuoa CUCTEMbI W3  OBYX
NyAbCapoB C XapakTepucTUKamu, aHanoruyHbiMW XapakTepUCTUKaM nyib-
capa wu3 npegsioywien sagadu.

Hahpgute rpaBuTauMOHHbLIA paguyc 3emMnn (paguyc, A0 KOTOPOro HYXHO
cxaTtb 3emnio, 4Tobbl OHa CTana YEPHOW AbIPOA).

[Be 4E€pHbie Ablpbl MMET rPaBUTaUMOHHbIE pPaguyCbl, pPaBHble paguy-
cam 3emnu wn JlyHbi, u obpawaTcs BOKpPyr obuiero ueHTpa macc Ha
pacctosHun 384 400 km ppyr ot agpyra. Onpepenute nepuon obpaule-
HWS.

MpaBuTaUMOHHLIA paguyc 4YEpHOW Ablpbl BUAEH C €8 ChnyTHWKa nopg
yrnom 17, Onpepenute NAWHENHYKD CKOPOCTb KPYroBoro oOpauieHus
CNyTHMKA.

Onpepenute BO3MOXHbIA OpbuTanbHblA nepuon obOpaweHns Anbkopa
BOKpYr Muuapa, ecnn yrnoBoe pacCTofsHWe Mexay HUMKW Ha Hebe — 127
napannakc — 0,04”, cymmapHasa macca cuctemsl — 9 macc ConHua.

[BoiHas 3Be3ga COCTOUT M3 ronyboi 3Be3abl C TeMMNepaTypon NoBepx-
HocTn 30 000 K u 6neckom 0™ u kpacHOW 3Be3gbl C TEMNeparypon no-
BepxHoctn 3000 K wn 6neckom 5. Kak COOTHOCATCS paguycCbl 3TWMX
388347




e 3Be3abl, BXOAALWME B 3aTMEHHYI0 ABOWHYIO CUCTEMY, MMET oau-
HakOBble pas3mepbl, a TeMNepartypa nepeBoi 3Be3abl BaBoe Honblie Tem-
nepaTtypbl BTOpoi 3Be3abl. OpbuTbl 3BE3A nexar TOYHO Ha ny4e 3pe-
Hua. Onpepenute ryObWHY [NABHOTO U BTOPUYHOIO  MWUHUMYMOB
3aTMEeHHOW nepemMeHHON.

Bo Bpems rmaBHOro MuHMMyma 3aTMEHHOM NepemMeHHOWn 3Be3abl B Cly-
4Yae Kpyroeblx opbuT 3atmMesBaeTca: a) bonee apkaa 3se3ga; ©6) Gonee
KpynHas 3Be3na; B) Oonee ropsyas 3Be3ga; r) bonee maccuvBHas 3BE3-
na. Boibepute npaBunbHbIE OTBETHI.

Kakaa makcumansHas rmybuHa MOXeT ObiTb Yy BTOPUYHOIrO MUHUMYMA
Kakon-nmbo 3aTMEHHOI NnepemeHHOon 3Be3abl?

3artMeHHass cucTema COCTOMT M3 OBYX OOMHAKOBBLIX 3BE34, MOXOXWX Ha
ConHue. OpbuTbl B CUCTEME KPYrOBbIE, NYyY 3PEHUSA NEXUT B NAOCKOCTU
op6buT. NPOMEXyTOK BPEMEHU MEXAY COCEAHUMM MWHMMYMamu COCTas-
naetr 30 pgHen. CKONbKO BpPEMEHW OAUTCA OAMH MUHUMYM (BMECTe C
4acTHbiIMKM azamun)?

180°
Ha pagwarpamme npenctaBneHo W3MeHeHue B3a-
MMHOIo MOnoXeHws 3BE34 B OBOWHOW CUC-
Teme [Moppuma (y Lesbl), gna yoobcrea

n3o06paxeHns ooHa M3 3BE34 CyuTa- 13§4

©

)
erca HenoaswxHon. MacwTtab yka- {.r"_"‘ E‘f’
3aH B MNMpPaBOW HWXHEW 4acTu pw- 270° @ 90°
cyHka. 3Haf, 410 [loppuma 1825
COCTOMT M3 ABYX 3BE3[4 Maccom
B 1,5 maccbl ConHua kaxpas,

onpegenute paccTosHwe [o
MNoppumbi.
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B

e A G T e N . i Al e T S i L Y i



MNepen Bamu rpadpukn M3MEHEHUS BUOWMOIA 3BE3OHOW BENUYUHBLI U TEM-
nepatypbl 3e3abl & Lledes B Te4eHMe oaHoro nepuopa nepemMeHHOCTU.
CpaBHuUTE pasmepbl 3Be3abl B MakCumyme u MuHumMyme Gnecka: Kakow
fonblwe v BO CKONMbKO pa3s?

m
3,5 1 \

4,0 |

T, K

-

Ons 3Béan-uedens CcywecTsyeT CBA3b mMexay adbCconioTHOW 3BE3AHOWN
Benu4ymHon M (3BE3gHOM BenMYMHOW C paccTtosHuMa 10 nNkK) U nepuogom
n3MeHeHnin bnecka P (B cyTkax):

M= -143 - 2,81 Ig P.
Mcxopa w3 artoro, onpepenute pacctosHue no [lNonapHoi 3Be3nbl —
uedenabl ¢ nepuogom 3,97 OHA M 3BE3AHOKN BENMYMHOK B HebBe 3emnu
+1,97.

B Havane XX Beka 3pBuH Xabbn obHapyxun B TymaHHOCTM AHapomenbl
uedpenay c nepuogom 31,4 oHa n Buaumon BenudmHon +17,6™. Kakoe
3Ha4YeHWEe PacCcToAHUA 00 TyMaHHOCTM AHOpomenbl OH noay4un B utore?

Bo Bpems BChblWKWM HOBOW 3Be3abl €€ 3BE3OHAS BeNUYMHA YMEeHbLUW-
nace Ha 12,5™. Bo ckoneko pas sipy4e crtana 3se3ga?

Hoeas 3Be3pa, pacnonoxeHHas B 100 nk or Hac, Ha 2 mMmecsaua crtana
ceetute ¢ Gneckom -3™. OueHuTe 3HEpruio B3pbIBa.

AbBconoTHaa 3BE3aHas BeNMymHa CBEPXHOBOW 3Be3abl coctasnaet —18™.
Kak 4acto Takue 3BE3gbl NosasBnaloTcs B Hebe 3emnu ¢ GneckoMm spye
BeHepbl (-4™), ecnn Bcero B aucke lanaktmku paguycomMm 100 Teicay
CBETOBbIX NIeT TakuMe BCMbIWKK cny4awTcs pa3 B 20 net?
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A o

Mocne BCMbIWKW CBEPXHOBOW 3BE3abl B CO3BE3AWM Tenbua, KoTopas Ha-
6niopanack 8 1054 rogy, Ha aTom mMmecte Heba nossunace KpaboewgHan
TymaHHocTb. Ceiyac oHa WMMeeT yrnoBon paguyCc 3', U3MEepeHus noka-
3anM, 4YTO BHELIHWEe YacTu pacwupsalTca co ckopocteio 1600 km/c.
Hangute paccrtosHue 0o TYMaHHOCTW.

B 1885 rogy B TymanHOoCTM AHapomenbl ©Obina 3apernctpupoBaHa
BCMblWKA CBEepxHOBOW 3Be3abl. Kakopa Obina eé 3BE3aHas BenuyuHa?
MoxHo nu 6bino Habnwgats eé B OMHOKNL?

TecHas pBOWHas cucrtema COCTOUT M3 ABYX KOMMOHEHTOB, YAANEHHbIX
apyr ot gpyra Ha 0,01” PaccrtosHue po cuctembl — 10 nk. lNepwopg,
obpaiwieHua — 6 gHeln. MoXeT nu B 3TOW cucTeMe BNOCNEeaACTBMM B30p-
BaTbCA CBEpxHOBasa 3Be3pa?

3Bé€3aHoe ckonnenne wmeet Bo3pact 100 mMuannoHOB neT W yaaneHo
Ha 100 nk. Kakyio 3BE3aHYIO BenuuuHy OyayT WMMETb Camble SfpKue
3BE34bl 3TOr0 CKOMMEHWs, Nexawne Ha rnaBHOW nocnenoBaTesibHOCTH
onarpammbl lepwnpyHra—Peccena? Cuwuratbh, 4TO Ons 3TUX 3BE34 CBe-
TUMOCTb MPONOPUMOHAnbHA YETBEPTOM CTENEeHU MaccChl.

NPUMEPDBI PELLEHUA 3AL0AM

3apauya 1. 3Be3pa umeet abCONIOTHYIO 3BE3AHYID BENWYUHY (3BE3AHYIO
BennymMHy ¢ pacctoaHua 10 nk) M. Kakyio Buaumylo 3BE3OHYIO Benu4u-
Hy oHa OyneT umeTb C paccTosHua d? Pewwute 3apadvy, Bblpaxasa d B
napcekax.

OaHo: Pewenue: Kak nM3BeCTHO, BUAMMAA SPKOCTb CBeTuna ybbi-
M BaeT nponopuMOHanbLHO KBagpaTty pPacCTOfAHUS A0 Hero.
d O603HauyMmMm BMOUMYIO APKOCTb 3Be34bl C pacctosaHua 10 nk

Kak J,, a C paccTtofHua d (Takxke BblipaXXeHHOro B napce-
kax) kak J. Toropa Mbl MMeem

J _ {10 mf_ 100
Jo d nK il

Mo onpeneneHuio 3BE3OHOW BENWYMHbLI pa3Huua B 1™ COOTBETCTBYET OT-
HOWeHWo apkocTer B 1094 = 2,512 pasa, npuyém 6G6nbLIAA APKOCTL
COOTBETCTBYET MEHbLUMM 3BE3OHLIM BenuymHam. Toraa ans abconoTHom
3geé3gHon BenudmHel M (¢ pacctosHua 10 nk) u BMOMMOW 3BE3OQHOW Be-
nn4nHbl M (C paccTtosHua d Nk) cnpaseosiMBO COOTHOLUEHWE



i - 10U,4{M - m}'

MpupaBHWBas OTHOLWIEHME SPKOCTer B AByx dopmynax wu norapudpmm-
pys, umMeem 9o

?) =2 -2 Ig d.
YMHOXMB nesylo 1 NpaeyKw 4aCtw 3TOro0 COOTHOWEeHWA Ha 2.5, nony4aem:

M-m=5-5Igd, m=M-5+ 5 Ig d.
Omer: m=M -5+ 5 Ig d.

0,4M - m) = Ig

3apada 2. [lBoiiHas 3Be3ga coctouT m3 3e€3g 3™ m 10™, yrnoBoe pac-
CTOSHWE Mexay KOoTopbiMWM u3MeHsetca oT 17 po 5”7 ¢ nepuopgom
50 net. JlyyeBaa ckopocTb cnaboi 3Be3nbl oTHOCcUTensHo ConHua wns-
MEHAEeTCA C amnanutygon =£5,55 km/c, apkown 3Be3gbl — *1,11 km/cC.
Cuntas opbuTel 3BE34 KPYroBbLIMU, HaAWOAUTE MAaCCbl U CBETUMOCTU obe-

MX 3BE34, Bblpa3duvB MX B mMaccax u ceetumocTtax ConHua. Y10 MOXHO
ckasaTtb 00 ux pU3NYEecKux CBOMCTBaX?

Oawo: PeweHnue: Ecnu opbwuTbl 3BE30 KPYrosble, TO pac-
m,=3 CTOSiHUE Mexay 3Beé3gamn H, BbipaXXeHHOe B acTpo-
m,=10 HOMMUYECKMX eauHuuax, paeHo L -d, rope L — pac-
i =17 cTosHMe OT 3emMnuM OO0 3TKUX 3BE3H B napcekax, a
=0 d — MakcumanbHOe YIOBOE pPacCTOAHME MeXay

v,=%x1,11 km/c
v,=15,55 km/c

3BE34aMM B YrNOBbIX CekyHOax. 3Ta Xe Benn4mHa
R paBHa ;—;, roe v — cymmapHasa opbutanbHaa cko-

M, —.7 pocTb 3Bé3a, a T — nepwuon obpaweHus 3BE3n BO-
M, — ? Kpyr ofuiero ueHTpa macc, KoTopbiii OyaeT paBeH
L, — 2 100 ropam, Tak kak 3a oaMH nepuog obpalleHus
L2 3BE30bl ABaxabl CONU3ATCA W ABaXAbl pas3onayTcs

Ha 3eMHOM Hebe.

Tak kak nnockocTb opOMT 3BE3A HakKNOHEHa K Jydy 3pPEeHUs Ha yron

d
o = ancsind'“"—"“f =15
PAAX

cymmapHasa opbuTanbHas CKOpPOCTb Oyaer pasHa

+
V = o b Yy 6,80 km/c.

cos o



MoacTaBnaa YMCNeHHble 3Ha4YeHus, nonydaem R = 22,82 a.e. n L = 4,56 nk.
M3 Il 3akoHa Kennepa nosy4Yaem CyMMapHylo mMaccy 3BE3n:

2
M= 2B - qom,
3pece M, — macca ConHua. Tak kak MacChbl 3B€3A, Kak BMAHO MO ny-
YeBbiM CKOPOCTHAM, COOTHOCATCH Kak 1 : 5, nonyyaercs, 4TO ApKas 3Be3-
na wmeetr maccy okono 1M,, a cnabas — 0,2M,. 3Has paccrtosHue A0
3883/, Mbl MOXEM paccyutatb ux abCONOTHLIE 3BE3AHBLIE BEAUYMHLI M),
no ¢opmyne (CMm. npenbioyliyio 3agady):

M = msrtave— avigl..
ABconTHaas 3BE3aHas BenuduHa nonyyYaeTca paBHoW +4. 7™ nonga ApKoW
3ge3abl 1 +11,7™ ans cnaboi. BbixoauT, 4TO sipKas 3Be3ga 04eHb No-
xoxa Ha ConHue, a eé CNyTHWK SBASeTCH KpacHbIM KapJukom C BnsaTe-
PO MeHblen maccon u B 630 pa3 MeHblen CBEeTUMOCTLIO.
OtseT: M, = Mj; M, = 0,2 M,; L, = Ly; L, = 0,0016 L,,.

3apgaya 3. 3aTMeHHaa nepemeHHas COCTOWT M3 ABYX 3BE34 C OoOuHa-
KoBbiMm BGneckom 6™ m Temneparypamu nosepxHoctu 5000 K n 10 000 K.
HYemy paBeH Oneck nepemMeHHoOi B MOMEHTbI MaBHOrO W BTOPWYHOO
MUHUMYMOB Onecka u BHe 3atMeHuin? Cyutatb, YTO MOBEPXHOCTHAA Ap-
KOCTb 3BE34bl 0AMHaKoBa MO BCEMY e€ AMCKY, a 3eMNna HaxoauTCA Touy-
HO B MNIOCKOCTWU OpbuT 3BE3A.

HdaHo: PeweHune: PacctoaHua no obewx 3BE30 MOXHO CYMTaTb
m=6 OOWMHAKOBLIMW, 3HA4YWUT, OAMHAKOBLI W CBETUMOCTW 3BE34.
T,=5000 K Mpn aTOM OOHa W3 HWUX BABOE ropsYee, T.e. U3Ny4aeT B

T,=10000 K 16 pa3 6onblue 3Heprn ¢ eguHuupl naowann. Cnepoea-
TeneHo, 6onee rops4as 3Be3ga B 4 pa3a MeHble no

L o
m q pasmepam. BHe MWHMUMYMOB Mbl BUaOuMM 00e 3Be3abl 6-i
my — s BE/IMYMHBLI, U UX CyMMapHbii Bneck Byoet paBeH
mE_F' mﬂ=6_'2’5 Ig2=5’25a

Tak kak 3emna HaxoowuTca B MAOCKOCTM Opbut, TO B OnNpeaeneéHHbIid Mo-
MeHT Oonee xonogHas 3Bes3ga, umewwas 60nsbwue pasmepbl, MOXeT
MOMHOCTBID 3akpbiTh O0nee ropa4vyld 3sesgy. Buaumbln Gneck nepemex-
HOW Ha Hawem Hebe coctaBut m, = 6, U 310 OyOET MaBHbIn MUHUMYM.
Bo Bpemsi BTOpWMYHOro MUHMMYMa ropsa4Yas 3Be3ga NPoOMaET nepen xo-
NogHoONW, HO 3akpoet nuwb 1/16 e€ gucka. B 370 Bpemsa mbl Bygem pe-
rMCTPUpOBaTh BCE WM3Ny4eHue oaHoW 3Be3abl 6™ n 15/16 uanyyeHua BTO-
poi 3Be3abl TOro xe Onecka. 3BE3aHas BeNUYUHA NEepemMeHHO COCTaBuT

m,=6 - 25 Ig(?—é) - 5,28.
Oraer: 525" 6,0™ 5,28™,
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3apaua 4. 3eé3nsl A 1 B CBEeTAT 0OQMHAkKOBO 4Yepes KpacHbld CBEeTO-
buneTp, 38306l B 1 C — 0AMHAKOBO 4epes 3enéHblin, a A n C — oan-
HaKkoBO 4Yepe3d cuHuiA. [pn 3TOM B 3€nEHbIX ny4ax 3Be3ga A spye 3Beas-
ool B. Pacnonoxwute 23tTM TpW 3Be3dbl B NOpSakKe BO3pacTaHus ux
TeMneparypsbl.

PeweHune: Kak M3BECTHO, YeM ropsyee 3sBe3ga, Tem B Honee KOPOTKO-
BO/IHOBOM (CMHEW) 4acTu cnekTpa oHa uanyyaet Oonblie BCero ceerta.
3BE3abl A U B BbIMAAAT OAMHAKOBO APKUMW B KPACHbLIX Nydax, OAHaKo
B Oonee KOpPOTKOBONIHOBOW 4acTW CNeKkTpa, B 3enéHbiX ny4ax, 3sesna A
CTAHOBUTCH fApYe, 3Ha4uT, 3Be3ga A ropsyee 3Be3gbl B (CM. PUCYHOK,
OykBbl Y ocKM abcumcc COOTBETCTBYIOT TPEM uBeTam). B 3enéHbix nydax
3Be3na C (kak u 3Be3na B) ceeTuT cnabee 3Be3abl A, HO B CUHWUX Ny-
4ax MX SIPKOCTb CpaBHWMBaeTCcH, T.e. 3Be3na C ropsadee 3Be3abl A. Takum
obpa3om, 3TU TpU 3BE3Obl HY)XHO paccTaBuTb cnegywowmm obpasom: B,
A, G

HApkocTk

=
Kp 3n CH Yacrorta

OTtBeT: B, A, C.



Vi. Mneunbinn Myrp — Hawa FanakTuka

[Mo4yemMmy 3BE3ablI 00Pa3ylOTCA W3 XONOAHOro, a He ropadyero rasa?

CkonbKo 3BE34 CONMHEYHOro TMna
MOXEeT obpasosatbca M3 obnaka
paguycom 100 nk, pasneHwem
107" Na n temneparypoin 50 K?

Nepen Bamwm — guarpamma
lepuwnpyHra—Peccena  pacce-
AHHOrO  3BE&3OHOr0  CKOMMeHus
Mmapgbl. Onpepenute  BO3pacT
CKOMJIEHWA.

3se3na AnbaebapaH — KpacHbii
rmraHt — wumeeT 0Oneck 0Kono
0,9 u HaxogutcA Ha Hebe B
OOHOM HanpaeneHun coO 3Be3n-
HbiM CKonneHwem [wmagbl (cm.
npegbiayuyo 3agadvy). Camble
Apkme 3Bé3nbl [wan  wvmeloT
3BE3OHYID BENUYMHY NPUMEPHO
3,5. Kro Haxogoutca 6numxe K
Ham — AnbpgebapaH wnn mapb!?

CBeTMMOCTE B BMAOWMMOW obnacTtu,
eanHuLUbLl ceeTumocT ConHua

100 +

20 000

6 000 4-

|

]

o

=

o

.*
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TemnepaTypa NOBEPXHOCTH,

LWaposoe 3sézpgHoe ckonneHne M13 umeert yrnoson guametp 23, yna-
neHo Ha pacctosHue 7600 nk u coctout u3a 200 000 3eé3an. OueHwute
XapakTepHOe pacCTosHWe Mexay 3BE3gamMu B CKOMAeHWUW.

LLlapoBoe 3BE3pgHoe ckonneHne M5 wmeet yrnoson auametp 23° u
3BE3aHYI0 BenuuuHy 5,6™. PacctosHue Ao Hero coctaBnseTr 24 500 cee-
TOBbLIX neT, ckonneHme coctout u3 300 000 3Bé3n. Onpepenute cpen-
HIOKD CBETUMOCTbL 3BEe3[dbl CKOMMEHUs no cpaBHeHuio ¢ ConHuem.

Kak Bbl aymaete, noyemy B lanaktvke He HabniwogaeTcs mMONoAbiX La-
POBbLIX 3BE3OHbLIX ckonneHni? MoryT nM oHu ObiTb BUOHbLI FOe-TO ewe?

Kak Bbl gymaeTte, no4yemy B lanaktuke He Habnopaetcs crapbix pacce-
AHHBLIX 3BE3AHbIX CKONNeHWin? Moryt nu OoHWM ObiTb BUAOHLI rOe-TO ewe?
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PaccesHHble 3BE3aHbIE CKOMNEHWA BUAHbLI B Aucke lanaktuku, a wapo-
Bble — B OCHOBHOM B Oangxe u rano. OBbsacHUTE NpUYMHY 3TOM pas-
HUUBI,

PaccesHHoe 3Bé3gHoe ckonneHue coctouT m3 100 oamHakoBbIX 3BE3A, W
C TPpyoOM 3aMeTHO a3oM Kak ManeHbkoe NATHBIWKO Ha Hebe. Kakoi
HY>XXeH Teneckon, 4ToObl yBUAETb B HEM OTAENbHble 3BE30bl7

LLlapoBoe ckonneHne umeet paguyc 100 cBeTOBbLIX NE€T U COCTOUT U3
500 000 3Bé3n conHeyHoro Tuna. OueHuTe CKOPOCTWM 3BE34 Ha Kpaio
CKONNEeHuns.

MNpeactaBbTe, 4To ConHue, ABWrascb BOKPYr ueHTpa lanaktuku, BCTpe-
4aeTCd C LWapoBbiM 3BE3AHLIM CKOMAEHWEM W NPoOneTaeT NpsMo 4epes
ero ueHtp. Cmoxetr nn ConHue COXpaHWUTb CBOK MNAHETHYID CUCTEMY
TakoW, kKakon oHa Obina no cbnuxeHnsa co ckonneHuwem? Ckonnenwe
nmeet paanyc 30 NK U COCTOUT U3 MUNNMOHA 3BE3[, PABHOMEPHO pac-
an.ﬂ.EJ‘IéHHhIK BHYTPWU CKOMNMNEHWA.

Camble sipkue wapoBble ckonneHus B Hebe 3emnu ¢ TPpyaoM BWAHbI He-
BOOPYXEHHbIM rnazomMm. OueHuTe pacCTORHWUSA L0 ITUX CKOMIEeHWA.

Bo3mMOXHO nu cywecTBOBaHWE CryTHMKA CBEPXMaCCUBHON YEPHOW Obipbl
B LeHTpe lanakTuku, KoTopbii obpawancs 6bl BOKpyr Heé 3a roa? Ha
KakoM YrnoBOM PacCTOAHMM OT YEPHOW Ablpbl CNYTHWUK Habnogancs Obl
c 3eman?

[MNOTHOCTL CBEPXMACCUMBHOM YEPHOW Ablpbl paBHa MAOTHOCTM BOAbI Ha
3emne. Onpegenute maccy YEepHOW Obipbl.

Bospact ConHua oueHunBaeTca B 4,5 mnpa net. Ckonbko oBopoToB BO-
Kpyr ueHtpa lanakTtvMkm OHO cOenano 3a 370 Bpema?

JInHelHbIe CKOPOCTWM 3BE34 BOKPYr ueHtpa lanaktuku BOGAm3u ConHua
NnoyYTM HE 3aBWUCAT OT pPAaCCTOAHMA OT UEeHTpa W COCTaBAAKT OKONo
220 km/c. Hahpute cuHOOM4YECKM nepuon (MHTepBan mexay nocneno-
BaTenbHbiMWU npubnmxeHmamm K ConHuy) Ans 3Be3fbl, yaoanéHHon oT
ueHtpa lanaktmkn Ha 9 Knk.

3BsésgHoe ckonnenue [nesgbl ynaneHo ot Hac Ha 135 nk. Korpa sp-
Yailas 3Be3Ja CKOMNNEeHWs B30PBETCH KAk CBEPXHOBAas, C KakMMm OObek-




TOM Heba oHa Oypetr cpaBHUMa nNo ApkKocTM? CyuTaTtbh, 4TO paccTosHWE
0o Mnean K 3ToMy BPEMEHW CYLUECTBEHHO HE WM3MEeHMUTCH.

BewiectBO nafaeTt Ha CBEPXMACCUBHYIO YEPHYIO Oblpy B LEHTPE HEeKOTO-
poit ranaktukm c¢ temnom 0,001 maccel ConHua B rog, wanydas 10%
SHEpPrMMm B MPOCTPaHCTBO B Buae ceerta. Kakoin 6ypetr abconotHas
3BE30HAaA BENWYMHA OKPECTHOCTEen Y4EPHOW AbIpbI?

B wapoBbix 3BE3OHbLIX CKOMAEHWAX [O0CTAaTO4HO MHOr0 nepemMeHHbIX
3ge3n tuna RR Jlupbl, xapakrepusylwmnxcs npMumMepHo OOWHakKOBOW CBe-
TuMocTbio (okono 100 ceetumoctei ConHua). MOXHO nuM yBUOETb WX B
TUMAYHOM LIAPOBOM cKonneHuu Hawen Mnaktmkn B 20-cm Teneckon?

Ha kapTte 3Bé&3gHoro Heba pasnuyHbiIMM CMMBOAAMK NOKasaHbl pacCcesH-
Hble W LWapoBbie 3BE3OHbIE CKOMMEeHWA, a Takke pganékue ranakTuku.
Kakon Ttun 0OBLEKTOB COOTBETCTBYET CUMBONaM, pacnonararwowvmcs B
30He undp 1, 2 n 3 nNog KapTon?




LLlapoBoe 3BE3AHOE ckonneHune BuaHO B Gangke lanaktnkm B 45° OT
ueHTpa lanaktuku Ha Hebe. OuenuTe Bpems 00NETa CKONNEHWs BOKPYr
ueHTpa [anakTukw.

LLlapoeoe ckonneuue umeet yrnoBoii guametrp 30° m Buaumblii Bneck
6™, paccTtosiHMe M KOAU4eCcTBO 3BE3[ HeusBecTHbl. OueHUTe OCBEeLUEH-
HOCTbL HO4YHOro Heba Ha nnaHete, obpaljallenca BOKPYr OAHOW u3
3BE3[ CKOMNAEeHUs.

LLlapoBoe ckonneHne paguycom 50 nKk v maccon 1 MWIIMOH Macc
ConHua nponetaet BOAW3W CBEPXMACCWMBHOW YEPHOW AObIpbl B LEHTpe
Hawew lanaktmkn ¢ maccon 4 munnmoHa macc ConHua. lMNpu Kakom
PacCTOAHUM MEeXOy LEHTPOM CKOMAEeHMs U YEPHOW ObIpO CKONJeHue
Ha4YHET TepATb Maccy? :

bynem cunTaTth, 4TO B3pPbLIBOM CBEpPXHOBOW 3Be3gbl |l Tuna 3akaH4wnBaeT-
ca 3Bonouma 3Bé3n maccon donee 8 macc ConHua. Korga B LwapoBbix
CKONMEeHMaxX Hawen [anakTukn B nNocnegHuii pas B30pBaNWCh Takue
CBEpPXHOBbIE?

Kocmuyeckuii kopabnb Oyayuwiero Bbineten u3 CONHEYHOW CUCTEMBbI W
nponeten 500 nk B HanpaeneHun cesBepHoro nonioca lanaktukn. Kak
M3MeHunack BuAMMAasa APKOCTb Haweir lanaktukn npu HabnoopoeHuu c
Kopabna?

NMPUMEPb!I PELLEHWUA 3AHOAY

3apaya 1. Ha acHom gHeBHOM Hebe 3emnu MOXHO C TPyAOM YBUOETb
Benepy, Haxogauwyioca B Hauwbonblwei anoHraumm ot ConHua (3BésgHas
BenuuuHa -4,4™). Ckonbko 3BE3a Obino Obl BUOHO Ha OHEBHOM Hebe
3emnu, Haxoguck CoONHUE BHYTPUM LIAPOBOr0 CKOMAEHUSA Paguycom
10 Nk, COCTOSLWEro U3 MUIIMOHa Takux xe, kak ConHue, 3BE34, paBHO-
MepHO pacnpenenéHHbix no obvémy ckonneHna? Cumtatb APKOCTb GoHa
Heba OQWHaKoBOW MO BCEM HanpaBlEHUSAM.

Pewenne: Onpepenvm KOHUEHTpauuWio 3BE34 B wIapo-
BOM CKOMIEHWN:

3N

anR° = 240 FTK‘S.

n:




Hanoém panee paccrtosHWe, C KOTOpPOro 3se3ga ConHeyHoro tuna (ab-
CONOTHas 3Bé3aHas BenuyuHa M pasHa +4,7) dyper BoeirnageTe Kak Be-
Hepa B Hambonbluel anoHraumn (Buaumas 3BE3aHas Benu4uHa m paBHa
-4 .4):

m - M
g r =1 +——5——=—0.82.
CooTtBeTtcTeylolee pacctosHue coctasnsetr 0,15 nk. Paccuntaem cpen-
HEe KONMU4YecTBO 3BE34, BHYTPW nonycdepbl ¢ TakuMm panuycom:
o i oo 38 1, g

K atomy 4ucny mMoxHO gobaBuTh ewe eauHuly, COOTBETCTBYIOLLYKO Cca-
Momy ConHuy, Buaumomy Ha gHeBHoOM Hebe 3emnu. B nwbom cnydae
Ha Hebe nnaHeTbl, HaxoAsLWencs B LAPOBOM CKOMAEHWW, OHEM Obino
Obl BUOHO NUWBL HECKONbKO 3BE3M.

Oteet: N, ~ 2.

3apava 2. lMapannakc 3BE3a M3 ckonneHus Nnesgbl cocTaenseT oKono
0,009”, cobcTBeHHOE ABWXeHWe No Heby OTHOCKUTENbHO bonee Aanékux
geesn — 0,057/roa, a nyyeBass CKOpOCTb (CKOpOCTb yaaneHus ot ConH-
ua) — okono +10 km/c. Korpa pacctosHue [nesp ot ConHua Obino
MUHUMaNbHBIM M YyeMy oHo 6bino paBHO? KakoB 6bin 6Gneck sipyaiiei
3Be3abl CKonneHua ANbUMOHBLI, eCnv cerdac OH cocrtasngaet 2,85M7

OaHo: Pewenune: PaccrtoaHmne no lMnean paeBHO

e sl r= 1= 111 nK

{IH'=OIO5.H}!'[_D'E| T[" o

v, =+10 km/c

m, = 2,85

At — ?

m— ?

34ecb m” — napannakc, BblpaXEHHbIW B YrnoBblIX CekyHpax. [aHHble O

CODCTBEHHOM AOBMXEHWUWU 0. NO3BONSAIOT HAM paccyuTaTbk TaHreHuuanbeHyio
ckopocTe lMnesn otHocutensHo ConHua v; (CMm. pucyHok). OHa pasHa
; d’
d-r = e 5,56 a.e./ron = 26,3 km/cC.
JlyyeBasi ckopocTb 3emnn pasHa +10 kMm/C, 3HAK «+» yKasbiBaeT, 4TO
Mneagbl B HacToswee Bpems ygansawTcs ot ConHua. Tenepb Mbl MO-
XXEM BbIYUCAUTL Yron Yy Npoekuuu BekTopa ckopocTtu lnean Ha Hebec-

HYI©O cdepy, OH paBeH
y = arctg (%) = 20,8".
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MuHumMansHoEe paccTosHue mexny ConHuem wn MneapgamMmu, Kak BUWOHO U3

pUCYHKa, pPaBHO

MNnesael

Bpemsa, npowegwee ¢ MOMEHTa MakCUManbHOro CONVMXEHWMS C 3TUM
CKOMMEHUEeM, paBHO OTHOLUEHUIO nyTu, npoiaeHHoro [Mneapamun C TEx
nop, K NonHowW ckopocTu lnesn;
_rsiny _ rsinycosy
A i vy :
yto cocrasnser 1,37 - 10° net. HakoHeu, 6neck AnbUWMOHbI B TO BPEMS
(ecnu npeanonoXuTb, YTO €€ CBETMMOCTb C TeX NOP He W3MEeHMNachb)
paseH

m=mn+5lg(r%’)=mn+Slgcos?=2,T0.

30ecb m, — COBpPEeMEeHHbI 6neck AnbUMOHbI.
OrteeTt: 1,37 mnH net Hasapg, +2,70™.

3apava 3. [lepen Bamu guarpamMmmbl «UBeT — abconioTHaa 3BE3aHas
BENMYUHA» OANs 3BE3[, paccesHHOro ckonneHus Acnu (Bospact 730 mnH
net, A), o4yeHb Monoaoro paccesHHoro ckonnenna NGC 6530 B TymaH-
HocTu M8 (B), waposoro ckonnenmns M3 (C), 6nunskux 3BE3a (paccTos-
HUe ot ConHua mMmeHee 25 nk, D) v ApYanwmx 3Bé3n Heba 3emnu (Bu-
anmaa 3BésnHaa BenuudmHa o 4™, E). Mo ocwn abcuucc oTnoxeHa
LBETOBAsA XapakTepucTtuka 3se3apl, paBHas ana ConHua +0,67™ u BO3-
pacrawas ONs KPaCHbIX XONOAHbIX 3BE34, MO OCW OpPAUMHAT — BU3Y-
anbHas abconoTHas 3BE3gHas BenuYMHa (BMOMMAs 3BE3aHaA BeNU4uHa
c pacctosHma 10 nk). PacctaBbte 6ykBbl A, B, C, D, E B cooTBeTCTBMMU
C HOMepamu 1, 2, 3, 4 U S HA guarpammax.
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PeweHune: Ha kaxgon wm3 guarpamm nNpPUCYTCTBYIOT HEKOTOpble U3 no-
nynsumvim  38é3n, obwen guwarpammbl [epuwnpyHra—Peccena. Hanwyue
UNU OTCYTCTBUE OMPEeLEenéHHbiX rpynn 3BE34 onpenenserca ux dusnye-
CKUM TPUCYTCTBMEM B AaHHOM duanyeckom MHoXecTtee nnbo ocobeH-
HOCTAMW HabnoaeHW, OrpaHUYMBAIOWNX BO3MOXHOCTE pervcTpauum
pa3HbiX KNnaccoe 3BE3..

Ha kaxpoi w3 guarpamMm BWAOHbI 3BE3OblI TOW WM WHOW YacTu rMaBHOW
nocnepoBarensHocTW. Ha gnarpamme 1 nNpucyTCTBYET 3HAYMUTENbHas MNo-
nynaumsa 6enbix Kapnukos, KOTOPO HET HM Ha OOHOW APYroin auarpam-
mMe. ADCONIOTHbIE 3BE3OHble BEeNWYMHblI 3TUx 3830 cnabee +10M, wu
Habnwgate UX B TakOM KONWYECTBE Mbl MOXEM TONbKO B Henocpen-
cTBeHHoW 6Gnu3octu ot ConHua. Mx HeT B paccesiHHbiX 3BE3OHbLIX CKO-
MNEHWAX, OHM HEe MOryT TakKXe MomnacTtb B 4YMCNO SpYailumx 3BE3a 3em-
HOoro Heba. Wx moxeT ObiTb 04eHb MHOrMO B LUAPOBOM CKOMMAEHWK, HO
TaMm HEBO3MOXHO NPOBOAUTL MX CUCTEMaTtudeckyld dotomeTpun. Utak,
ounarpamma 1 coortBetcTByeT Onuxaiwmm 3sesnam (D).

Onarpamma 2 B 3HAYUTENIbHOW CTeneHu npencraBneHa KpacHbIMWU ruraH-
TamMm — 3Bé3gamm Gonbloro Bo3pacTta. Ho cTonb Xe MHOro Tam Mono-
ObIX ronybbix ropsynx 3BE34, COCTaBNSIOWMX BEPXHIOID 4acTb [NasHOWN
nocneposarensHocTu. CneposatensHO, 3BE30bl 3TOW Auarpammsl He 00b-
€OVHSAKT ONpPeaeneéHHyd BO3PaCTHYIO Fpynny W He MOryT OTHOCUTBCH K
OLHOMY 3BE34HOMY CKOMMeHu. BMecTte C OTCyTCTBMEM Ha Hell ropasgo
bonee pacnpocTpaHEHHbIXx 3Bé3n cnabee ConHua 3TO yKasbiBaeT Ha TO,
4YTO 3TO Amarpamma ANnsa cambiX SpPKUX 3BE3a, 3emHoro Heba (E).
OctaBwueca Tpu guarpammbl — 3, 4 1 5 — COOTBETCTBYIOT Onpeae-
NEHHLIM 3BE3JHbLIM CKOMNEeHUAM K o00beguHAIT 3BE3Abl OAMHAKOBOIO
Bo3dpacta. Camoe monopoe u3 atux ckonneHun — NGC 6530 — He co-
OEPXUT KPacCHbIX MMraHToB, HO AO0MKHO ObiTb NpeacTaBneHo, B 4aCTHO-
CTWU, APKUMW ronybbiMK rMraHTamu, el He 3aBeplUVBLLUMMIA CBOK 3BO-
nounin. 9TO COOTBETCTBYET auarpamme 3, Ha KOTOPOW BUOHA BEPXHAA
4acTb rMaBHOW NOCNEeNOoBaTENbHOCTWU U HECKONIbKO MPOTO3BE3[, KOTOpPbLIE
TONbKO onyckalTca K Heil. Oduarpamma 3 cooTBeTcTBYeT OTBeTy B.
Bonee Bo3pacTHOe paccesiHHOe ckonneHwe HAcnm yxe He obnapaeT ca-
MbIMWA ApPKUMWU ronybbiMKU ruraHTamMmn, U B HEM yxe nossunace Hebosb-
las rpynna kKpacHbix ruradtoB. CneposartenoHo, OykBa A COOTBETCTBYET
onarpamme 4.

HakoHeu, nocnegHas guarpamma (5) yXe He coaepXuT SPKOW nonoBwu-
Hbl MaBHOW NOCNenoBaTeNbHOCTU, 3aTO0 MMEeeT MOLLUHYIO BETBb KPaCHbIX
MMraHTOB M rOPW30HTaNbHYK BeTBb. ITO Auarpamma LWapoBOro ckonne-
HUsS M3, HacenéHHoro crapbiMu 3Bésgamu (C).

Omer: 1 — D; 2 — E; 3 —B;,4 —A;5—C.




Vil. TANTAKTMKMAX

Hasoeute cambii Oaneékuit 00BLEeKT, BUAUMLIA Ha Hebe HEeBOOPYXEHHLIM
rmas3oM, U paccTosHMe [0 Hero.

B kKakOM 13 BbilenepeYncneHHbiX co3Be3guii BuaHo Oonblle Bcero ra-
NnakTnK? MeHblle Bcero ranaktuk? Crtpeneu, Poeibbl, [esa, Bechl.

Pacnonoxute 4vetbipe obbekta Ha doTtorpaduax B Nopaake Bo3pacTta-
HUA PaACCTOAHUA OT 3eMnu.

PacctosiHue po ranaktuku AHppomenbl (M31) — 770 knk, OO ranakTuku
TpeyronbHuka (M33) — 900 knk. MNpenononoxum, B 3TUX ABYX ranakTukax
n Manaktuke MneyHbid MyTe 0QHOBPEMEHHO BCMbIXHYM OAMHAKOBLIE CBEPX-
HOBble 3BE3Obl. B kakoh n3 TpEx ranakTuk paHblle yaacTcs 3aperucrpu-
poBaTb BCE Tpu BCMbIWKN? Mex3BE3QHOE MNOMMOLLEHNE HE YYUTbIBaTb.

Opna conHuenopnobHas 3Be3ga HaxOAUTCA B MPOTUMBOMOSIOXHOW YacTwu
Hawen lanakTukn, gpyras — B TymaHHoOCTU AHgpomeapbl. Kakas n3 Hux
Ap4Yye B OMTWYECKOM Awana3oHe crnektpa B Hebe 3emnn?

Bonbwoe MarennadHoBo obnako ypaneHo Ha 50 knk. OueHuTe Bpems
ero obopoTa BOKpyr Haluen [anakTuku.

—
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7.11.

£7.12.

17.43.

MNepen Bamu ¢doTtorpadum HECKONbKUX ranakTuK. YKaxurte, kakas W3 ra-
NakTUK ABNAETCA CNUpanbHOM, Kakas — J3NNUNTUYECKOW, Kakaa — He-
MpaBubHOW.

TyMaHHOCTb AHOPOMEObLl NeTUT HaBCTpPeyy Hawen lanakTtuke ¢ OTHOCK-
TenbHoW ckopoctbo 150 km/c. Koroa npou3onaér CTONKHOBEHME [OBYX
ranakTnk?

C kakoro paccrosHua Hawly [anakTuky MOXHO pPacCMOTPEeTb B TEeNneckon
c anameTtpom obvektmea 10 cm?

0 .. =]
Jlununa atomapHoro sogopoaa HP (4861 A) B cnektpe panékou ranak-
TWUKW COBMEcCTUnack ¢ nuHuein Ho nabopatopHoro uctodHuka (6563 A).
Onpepenute KpacHoe CMELLeHUe ranakTukm U CKOPOCTb €€ yaaneHus.

HekoTtopas ranaktuka ypnanesda ot Hac Ha 100 Mnk. Kakyio gnuHy Bon-
Hbl OydyT umeTb B €€ CnekTpe NMHMM MOHW30BAHHOro Kanbuus (nabo-
paTtopHble anuHel BonH 3934 u 3968 A)?

Manaktuka nmeet kpacHoe cmeweHme z = 0,01 n guametrp 100 ThICAY
cBeTOBbIx neT. Kakos e€ yrnosBow guametp Ha Hebe?

Kakyto CKOPOCTb HYXXHO COOOLUMTL 3Be3de Ha Kpaw ranaktuku M87, 4ytobbl
OHa Morna ynetete M3 He€? Macca ranaktukm — 3102 macc ConHua,
BUOWMBIA AnameTp — 7', paccTtofaHMe — 55 MWMNNMOHOB CBETOBbLIX NET.




Mcxoga u3 «nnockor» KPUBOWA BpallleHUs Hawen [anakTuku (HesaBucH-
MOCTU JIMHEWHOW CKOPOCTWM OT PacCCTORHWUA OT UEeHTpa), onpepenute
NPUMEPHYID 3aBMCMMOCTb MJIOTHOCTM TEMHOW martepum B l[anaktuke oT
pacCToOfAHUA OT UeHTpa.

MNepsbin 06HapyxeHHbIn kBasap, 3C 48, nmeer 6neck 16,2™ n KpacHoe
cmeweHmne 0,367. Kakoea ero cBeTUMOCTb?

NMpegnonaras, 4TO CBEYEeHWME KBa3apa Bbi3BaHO NageHuWeM BELLecTBa Ha
4YEPHYKD Aablpy, onpepenute ero temn (B maccax ConHua B roa). K
SHEeproeblgeneHua cymtarte pasHbiM 10%.

CkonneHne ranaktwk B co3Be3gun Bonocbkl BepoHukn wumeer cpegHee
kpacHoe cmewenue 0,0231, yrnoeon gunametrp 12° U COCTOUT NPUMEPHO
n3 1000 ranaktuk. Onpegennte xapakTepHOe paccTosHue MeXay ranak-

TUKaMMW.

Ecnu Obl KOHUEHTPauMs ranakTuk Oblna Takon ke, Kak B co3se3gun Bono-
cbl BepoHwku, TO Npy KakoM MWHUMANBHOM KPAacHOM CMELLEHUW Nnyd, ny-
LUEeHHbI B NPOW3BONLHOM HanpaeneHuu, obsa3atensHo BCTpetun Obl ranak-
TUKY? Paamepbl ranaktumk CyYutaTtb paBHbIMW pa3mepy Hawen [anakTtukm
MneuHbiia yTb.

CeepxHoBaa ¢ abconoTHOW 3BE3OHON Benu4MHOM —-18 BCnbIXHyNa B ra-
NaKkTuKe ¢ KpacHbim cmeweHuem 0,2. KakoB bypet 6Gneck 3Toi cBepx-
HOBOW B Hebe 3emnu?

CoBpemMeHHbIM Teneckonam A0CTynHbl 3B€3abl Ao 28™. Ha kakux makcu-
MasibHbIX KPAacCHbIX CMELLeHUsIX MOXHO Habniopgatb camble SPKUe CBepx-
HOBble C abconwTHOW BenuynHon —20M?

Kocmuyeckunin Teneckon um. Xabbna sapernctpupoBan OBOWHOW KBasap.
Ero kpacHoe cmeuweHne paBHo 0,848, yrnoBoe pacCTosHWe MexXay KOM-
noHeHtamm — 0,3”. Cumtas maccy ksaszapa pasHon 107 macc ConHua,
onpepenute nepuod obpawieHnsa B 3TOW CUCTEME.

AKTUBHOE SAOpPO ranakTukM Ha KpacHom cmewenHumn 0,5 Habnopaercs
pagnouHTepdepoMeTpoM C y4acTMEM HA3eMHOoro Teneckona u opbwu-
TaneHOro Tteneckona «PagwoacTpoH» Ha paccroaHum 100000 km ot
3emnn. OnuHa BonHbl paBHa 18 cm. Kakoe npocTpaHCTBEHHOE pa3spe-
LeHUe MOXHO NONY4UTL?



Y kBazapa obOHapyxeHa nepemMeHHOCTb C nepuogomMm 1 geHb. OueHute
ero MakcumasibHbiii pasmep.

3akoH Xabbna HayuHaeT BbINOMAHATLCA ONR ranakTMK Ha PacCTOSHUW B
2 Mnk. Hackoneko 31K ranaktuku Obiin sapyde npu poxaeHun ConHua,
€CNIM UX CBETUMOCTb CYMTaTb MOCTOAHHON?

Mpeanonoxum, Kakyi-TO ranakTuky MOMAHOCTBIO «3aBONOKI0» MblbD, WU
Mbl HE BMAUM cBeTa eé 3Bé34. CMoXeM nu Mbl y3HaTb O €€ CyllecTBO-
BaHWN?

ABe ranaktuki Ha KpacHbix cmeweHusx 0,1 n 1 BbIrMAAAT 04MHaKOBO
no ugety. 410 MOXHO CKasaTb O Temne 3Be34000pas30oBaHMs B HUX — B
Kakoin oH 6onblie? '

Bo cKOnbkO pas [OasneHue MexXranakTu4eckoro rasa (Temnepartypa
10° K, xoHueHTpauus yactuy 10° cm°) meHbwe armocdepHoro aasne-
HMA Y NOBEPXHOCTM 3emMnun?

NMPUMEPbI PELLEHUA 3ALA4

3apaua 1. Ckonnenune ranaktuk coctomt m3 10 000 opuHakoBbIX ranak-
TMK ¢ Oneckom 18™ kaxpas. Bcé ckonneHuwe Ha 3eMHOM Hebe uMmeer
yrnosoin amametp 5°. CnekTpanbHbie U3MepeHus nokasanu, 4yTo KpacHoe
cMelweHune ckonneHua cocrtasnaeT 0,1, a pasHOCTb Ny4YeBbIX CKOPOCTEN
OTOENbHbLIX ranakTuMK W  Ny4eBOW CKOPOCTWM CKOMMAEHUs pocTuraet
+500 km/c. CuuTas, 4TO BCe rasakTUKM COCTOAT M3 3BE3M, MOXOXWUX Ha
ConHue, onpegenute Bknag TEMHOW MaTtepun B MaAcCy CKOMJEHUS.

HaHo: Pewenune: OnpepenuMm pacctosHUe 00 CKONNeHus ra-
N = 10000 NakTUK No 3akoHy Xabbna:

s d = % = 440 Mnk.

m =18 J S S
z =01 YrnoBon paguyc CKOMNEeHUA ranakTuk pasBeH 5 = 2.5%

v = 500 km/c | CNeaoBaTensHo, NPOCTPAHCTBEHHBI PafMyC COCTasasieT
e dsin(-g] o0 Mnk 2°6- 108" M.

n—=27

MakcumaneHas pPas3HOCTb Jly4eBbIX CKOPOCTEM OTAENbHbIX ranakTuKk W
BCEro CKOMMEeHUs NPUMEPHO paBHa KPYroBow (NepBOW KOCMWHECKOWN)




CKOPOCTU Ha Kpalo ckonneHus v. M3 3Toro MOXHO MONyYvuTb MOMAHYIO
MacCy CKOMAEHUS ranakTuk:

M=YE ~2.10% «r = 10 M,

3pece M, — macca ConHua. Onpegenum Tenepb CYMMapHYl Maccy
BCex 3BE3n ckonneHusa. ABconoTHad 3BE3OHas BENMYMHA KaxaoW u3 ra-
NaKTUK pasHa

m,=m+5-51gd=-20,3.

Ecnu cuutatb, 4TO Kaxpasa 3Be3ga noxoxa Ha ConHue ¢ abconMioTHOW
3BE€3AHON Benn4nHon mg = +4,7M, TO MOXHO onpegenuTb YUNCNo 3BE3[,
B KaXXOOW ranakTtuke:

NG = 10Q%4(ms - my) = 1010,
CyMmapHas macca 3Bé3fn CckonneHus byner pasHa
Mg = My-N-Ng; = 2-10% M,,.

Mbl BMOWMM, 4TO 3BE3ObLI COCTaABNAT Nuwb okono 10% maccbl BCero
CKOMNeHus ranaktuk, octanbHbie 90% NpUxXoOAaTCA Ha TEMHYIO MaTepuio.
OtBer: n = 0,9.

3apada 2. Onpepenute ranaktM4eckuii napannakc kKkeasapa C KpaCHbIM
cmeweHnem z = 0,5.

HAaHo: Pewenwve: [0 onpeaeneHuio, CyTO4HbII napanfiakc
z =05 CBeTWna ecTb yros, nog KOTOpbIM C HEero BMAEH pagu-
yc 3eman. Ha 3TOT Xe yron nonoxeHuWe cBeTwuna Ha
Hebe OTKIOHAEeTCs, eCnu NPOBOANTL HabNAeHWA «C
Kpas» 3emsin No OTHOLWEeHWIO K 00bekTy. fognyHbin na-
pannakc, onpegensemsii ona 3B€3n, — yron, nog Ko-
TOPbIM C HWUX BUMAEH Paauyc 3eMHOW opbuThl,

AHanorn4yHbiM 006pasoM Mbl MOXEM BBECTU ranakTU4eCcKWid napannakc
ONs BHEranaktuyecknx oObeKTOB — STO yros, nog KOTOpPbIM C HUX BUOEH
pagmyc nytn ConHua BOKPYr ueHTpa lanakTtukun, pasBHbliA 8 Kk,
PaccTtosiHMe Ao kKBasapa MOXHO BbIMUCAUTL NO 3akoHy Xabbna:

d = % = 2,2.10° nk.

[anakTU4YeCcKWUin napannakc paseH
e = arcsin—g = g pan — a.0- 107 pan.=_0,7(5".
OrseT: 0,75".
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Viil. CTPOEHME M 3BOJIIOLINA BCEJIEHHOM

Kakoin Obina kputuyeckas nNNOTHOCTb, Koroa BceneHnasa Obina Bagoe
MeHbLue?

Kakoih Obina kpwutuyeckas nNAOTHOCTb, korga BceneHwasa Obina BoBoe
monoxe? [lpu peweHnn BOCNONL3yMTECH NpuMepomMm 1 peweHusa 3anad
JAaHHOW 4acTu.

Onpepnenute aHanor BeNWYMHbI KPUTWYECKO NNOTHOCTW ANA ra3oBoOW
TYMaHHOCTW C paguycom 1 CBETOBOW rof, paclumpsiiollencs Co CKopo-
cteto 20 km/c. CpaBHUTE 3Ty BENUYUHY C peanbHOW MNNOTHOCThLIO raso-
BbiX TYMaHHOCTEW. :

CpaBHuUTE NNOTHOCTL Hawei [anakTmku C KPUTUYECKOM MIOTHOCTbLIO.
TonwwmHa gucka Manaktmkn — 300 nk.

Haingute KOHUeHTpauuio artoMoB BOAOPOAa BO BceneHHoOW C KPUTMUYECKON
MMOTHOCTEIO B NpegnonoXxeHWn, 4To BceneHHas COCTOUT TONLKO M3 HWUX.

Hangute paguyc 4YEpPHOWU AbIPpbl C MJOTHOCTbLIO, PaBHOW KpuUTUye-
CKOM,

HYepes kakoe Bpemsa Macchbl Bogopoda W renva B anakTuKe CpaBHSAIOT-
ca? CyuTaTbh CBETUMOCTb [AnakTUKU NOCTOSIHHOW BO BPEMEHM.

Kakon camblii pansHuid 00bEeKT BO BceneHHoW, HenocpeacTBEeHHO Ha-
bniopaemblin Ha 3emne? ToyHee roBops, rae nosBuUnMcb (GOTOHbLI, KOTO-
pbie BbiNK 3aperncTpupoBaHbl 3eMHOW annaparypoil, npeonones nepepg
3TUM MakKCUManbHOEe paccTosHue?

Cuuntas, 4to macwrabHbli dakTop BceneHHon MeHSeTcs CO BPemMeHeMm

2
Kak t3, onpegenuTte, KOraa CrekTp PEeNMKTOBOro Many4eHus Obll Moxox

Ha cnekTtp ConHua.

B pesynsrate gBuxkewus ConHua OTHOCUTENLHO OHa PEenuKTOBOro w3-
NYy4YeHWs B HanpaBneHuu cos3se3aus JlbBa TemnepaTtypa penuMkroBOro wa-
nyyeHns B 310 obnactn Heba Ha 0,0032 K Bbiwe cpeagHei. Onpepenute
BeNYMHY ckopocTu ConHua OTHOCWTENIbHO PEefIMKTOBOro WU3Ny4YeHus.




OnpegenuTte KoHueHTpauuio (B mM~3) penuktoBbix ¢$OTOHOB BO Bcenes-
HOW, ecnn cpenHss 3Heprus ogHoro ¢ortoHa paBHa 10722 [Ox.

Mpeacraesbte, kak Obl pa3euBanacb BcenenHas, ecnu 6bl BOAOPOL B
nepebLIe MUHYTLI €€ CYLLEeCTBOBaHMA LENNKOM NPEeBpaTUICa B renuii.

HasoBute Tpu ¢akrtopa, orpaHUyYMBalolLMe APKOCTb HOYHOro Heba.

BoamoxHO nu cywecTtBoBaHMe ranaktmk ¢ z < 07

MNepBoe wuamepeHue nocTtosiHHOW Xabbna, coenaHHoe camum SABUHOM
Xabbnom, pano pesynstatr 500 km/(c - Mnk). Kakum Torpa 6Gbin 6bl BO3-
pact BcenenHoit? [poTUBOPEYMNO NN 3TO KaKMM-TO [OaHHbIM, WUMEIO-
wmmes Ha 20—30-e roabl XX Beka?

Onpenenute, aBnseTcs nu ycTtoniumeol MecTHas rpynna ranaktuk npu
noctosHHo Xab6na, pasHon 68 km/(c-Mnk)? 700 km/(c-Mnk)? Pac-
CTOSIHWE A0 TyMaHHOCTM AHApPOMEnbl PaBHO 2 MWUANMOHA CBETOBLIX JIET.

NMpumepHo 4epe3 S5 mnpa net Hawa lanakTmka CTONKHETCA C TyMaHHo-
CTbi0 AHgpomegbl. K kakum nocnegcTBuamMm 3TO NPUBEAET ANs ranak-
TUK? Oona 3BE€347 ans nnaHet?

Oee ranaktukm ¢ z = 1 pacnonaraiwoTca Ha Hebe B 30 rpagycax opyr
ot gpyra. Kakyw BenuuuMHy z Oyger celyac MMETb O4HA ranaktvka npu
Habnlo4eHnn C Apyron ranakTukmu?

Hdanékasa ranaktuka noxoxa no CBOWMM CBOMCTBaAM Ha Hawy l[anakTuky,
eé kpacHoe cwmeweHne pasHo 0,25. B 1’ oT He€é BuAeH CNYTHUK —
Kapnukosaa ranaktuka. OueHuTte nepuwopn ero obpawieHus Bokpyr 60nb-
oW ranakTuku.
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NMPUMEPbLI PELLUEHWA 3A0AM

3apaua 1. lpegnonoxum, nnoTHocTb BcenenHolt Bcerga Obina paBHa
KPWUTUYECKOM NNOTHOCTW, COOTBETCTBYIOLLEN €€ Tekylwum pasmepam u
CKOPOCTW paclimpeHmnsa, a camo pacluvpeHue npoucxoounio B COOTBeT-
CTBMMU C 3akoHamu HbloTOHa. OnpenenuTte, Kak TOoraa MEHANCH Xxapak-
TepHbln pa3mep BceneHwoi R B 3aBUCMMOCTU OT BpemeHu (. OTBeT
HaguTe B Buae R~C-tY, rne C — noctosHHaa sBennymHa, a N — He-
KOTOpO€e 4MCcno.
Oawno: PeweHnune: PaccMoTpuM HEKOTOPLIA MOMEHT BpemeHu t
P = Pyp N nocnegylouwmnin KoOpoTkui uHTepean At << t. Onpege-
MM CKOPOCTb paclinpeHuss BceneHHon:

§ o A(t + At) - R(f) _ C{t.+ AN - Y

At At ]

N.— 17

C y4€TOM TOro 4TO0 WMHTEPBAN BpemeHu Af ManeHbkwid, cnpaBegnvuBo CO-
OTHOLLEHWEe

(t + ALY =%+ NEYV- 1AL
Torpa ckopocTb pacwmpenus BceneHHoi Oyaet pasHa
K= CN.tV =1

Mbl 3Haem, 4TO B Cly4Yae pacluMpeHns B COOTBETCTBUMM C 3aKOHOM
HblOTOHa NpW KPUTUYECKOM NNIOTHOCTU CKOPOCTbL paBHa BTOPOMA KOCMU-

4eCKou:
_ [2CM _ [2GM _ ¥
V — S —CT— — i

Takum obpasom,
N-1=-%nN=2

OreeT: PacwupeHne BceneHHoM npunc;n,umnn Bbl MO 3aKOHY
R=C-t:3.

3apavya 2. Ha ckonbko rpagycos B rof pPenukroBoe U3Nny4YyeHwe mor-
no Obl HarpeTb WapoobpasHblii 3anasHHbIN akBapuym C BOOOW paauy-
com 20 cm, Haxopswminics B kocmoce? TennoémkoCTb BOAbI paBHa
4200 Ox/K. Cuntath, 4TO akBapuym u BOAA 3a4epXuBaloT BCE nonaga-
IOLee Ha Hero U3ny4eHme M He nepensny4arT ero B kocMoc. CeoucTea
BOObl B aKBapuyMe Takue Xe, Kak Ha MOBEpPXHOCTU 3eMnu.

[




BTk

OaHo: PeweHue: [ns T1Ooro 4yrobbl pewutb 3agady, Cpae-
B =90, cx HAM OEWCTBUME PENMKTOBOro U3ny4eHusa C AeWCTBMEM
C = 4200 Ox/K ConHua Ha pacctosfHum 1 a.e. [MAOTHOCTE MOTOKA

aHeprum ot ConHua F, HaMm M3BECTHa, OHa paBHa
—_ 7 1360 Bt/mM2. ConHue wmeeT Temnepatypy T, =
= 6000 K, HO 3aHumaeT 04eHb HebOoNbluyl 4acTb
HebecHOW cdepbl C TENECHbIM YINOM:

S, = my = 2,7-10* crep.

T

Y

3pecb v — Buaumblin paguyc ConHua B pagmnaHax (0,0047 pap). Penuk-
TOBOE M3ny4eHue umeeTt Temrepatypy T = 2,7 K, HO mpuxogut co BCeil
HebecHolt cdepbl (TenecHslit yron S = 4n crepagmaH). AKBapuym Ha-
XO0OUTCA B KOCMOCE, 3afepXWBAaeT PEefMKTOBOEe W3nyyeHue CO BCeX Ha-
npasnexuii nnowaaso mR%. OnpesenMM KOMMYECTBO 3HEePrun pPesinkTo-
BOro u3ny4eHwns, kotopoe Oyamer 3adepXuBaTbCA akBapuymMom 3a OAHY

cekyHay: 5
— . Ay Wi ..—n— o : ]

E=F, -nR (rn) = 1,29-10° Br.
Macca Bogbl, cogepxawasacs B akpapuyme, pasHa

M = 3 mR% = 33,5 kr

30eck p — MAOTHOCTL BOAbl. MameHeHue TemnepaTtypbl BOAOLI 332 BPEMS
t (1 roop v 3,16 - 107 cekyHao) cocTaBuT
T, = = = 2,9.10 K.

OteeT: 2,9-10 K.




IX. COBPEMEHHDIE NPOBJIEMbI ACTPOHOMMM

Mpn kakom BO3pacTte BceneHHOW Ha4yanoCb €€ YCKOPEeHHOe paclimpe-
HMe? Kak COoOTHOCMAUCL TOorga MNAOTHOCTM MaTepuM (BUOAUMOW U TEM-
HOM) U TEMHOW 3Heprumn?

OwyTuMo nu pencTeMe TEMHOW 3HEeprum Ha macwrtadbe MecTHOW rpyn-
Nbl ranakTuk?

MNpepnonoxum, Bo BceneHHOM €CTb TONLKO ABE OAMHAKOBbLIE ranakTuKn
¢ maccor 10'? macc ConHua, M3HaYanbLHO He ABWraloWmMecs Apyr oT-
HOCUTEenbHO apyra. Npu kKakom pacCTOAHMKM WX B3aUMHOE YCKOpeHue
obpatutca B HOMb? [MNOTHOCTL TEMHOW BHeprum coctasnsetr 0,70 ot
COBPEMEHHON KPUTUYECKOW NNOTHOCTU BceneHHom.

Kaxas Tto4HOCTb doToMeTpun (B 3BE3OHLIX BENUYMHAxX) HyxHa OaNEKon
umMBMIn3aunmn, 4Tobbl 3aduKCcUpoBaTh NpoxoxaeHwe Konutepa no AMcky
ConHua? npoxoxaeHme 3emnu no gucky ConHua? Cuurtartb, 4TO nnaHe-
Tbi MPOXOOAT Nepen LEeHTPOM COMHEYHOro Aucka.

Kakas TO4YHOCTb CnekTpasbHbiX W3MepeHuin BOAM3WM [JIMHBbI  BOJIHbI
5000 A HyxHa panékoin uusBuAM3auum, 4ToObl OOHAPYXWTb AEenCcTBue
lOnutepa Ha ConHue? peicteue 3emnm Ha ConHue?

Bonee 20 net Haszap, B 1995 rogy, Obina OoTKpbITa NepeBas 3k30nnaHera,
obpawatwowanca Bokpyr 3ee3gbl 51 lNeraca. Macca 3Be3abl paBHa Mac-
ce ConHua. Ha rpadwuke npuBeneHa 3aBMCUMOCTb FeNUOLLEHTPUYECKOW
Ny4YyeBO CKOPOCTM 3TOW 3Be3Abl OT BpemeHu. OueHuTe no 3ToMmy rpa-
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dbwrKy mMaccy 9K30nnaHeTbl, CHYUTas, 4YTO Nyd4 3PEeHUA NIEXUT B MNAOCKOCTU
eé opbuTbl.

3se3pa [Mpokcuma UeHtaBpa wvmeer maccy 0,123 maccel ConHua. Ha
KakoOM MakCuManbHOM pacCTOSHWKU OT Heé nonxHa ObiTb nnaHeTa, no-
xoxas Ha KOnutep, 4ToBbI 3amMeTUTb €€ C NOMOLWbID cnekTporpada cC

pa3peLeHnem ﬁ = 10° (AL — MUHUManbHas GuKkcupyemas pasHuiua 4IWH

BONH B CNeKTpanbHOM Avana3oHe, COOTBETCTByWWEM AONWMHE BOJHGI A)?

Cuutaqa, 4to cBeTMMOCTb L u macca M XEnTblX U KpPacCHbIX Kap/WKOB
cBA3aHbl Kak L ~ M onpegmenute, y Kakux 3BE3[ MOXHO HaWTU nnaHe-
Ty C Maccou v TemnepaTtypHbIMU YCNOBUAMW, aHANOMMYHbIMKU TakUM Xe
xapaktepucTukam 3emnu, co crekTporpadom ¢ paspewennem 10°.

i -.-J-'»_'_l'-,“_ " L -

Moyemy nepsble NnaHeTbl 3eMHOro Tuna ObiNK OTKPLITHI Y NYLCApPOB?

Kakafa TOYHOCTb CMekTpanbHbiX WM3MEpeHWn HyXHa, 4TOObl OTKPbLITh Y
nnadeTel TMNA 3emMnn atmocdepy ¢ 030HOBbIM Cnoem? BbICOTY BEpXHEW
rpaHuubl CNOA cY4uTaTbh paBHon 40 Km.

EcnM nnoTHOCTbL conHuenonoOHbIX 3BE€34 B aAucke lanakTtuku paBHa
0,01 nk3, a obuTtaemas nnaHeta €CTb Yy KaXOOW OECHATOW, TO Ha Kakom
NPUMEPHO pPaccTosHUKM HaxoamTca Gnuxanwana? KakoB 6neck y eé ueH-
TpanbHOW 3Be3abl?

MpoxoxaeHne nnaHeTel N0 OWUCKY 3Be3abl COMIHEYHOro Twuna ANUTCH
6 4acoe, napeHune 6Gnecka cocrtasnser 0,001™. Hahpgwute gwameTtp nna-
HeTbl W paccTosHWe OT 3Be3dbl A0
NNaHeTbl.

Kakoro guameTtpa OOMXHO OblTb NATHO
B ueHTpe Buagumoro gucka ConHua c
Temnepatypoir 4200 K, 4T06bI OHO
nasano takon xe adpdekt no M3MeHe-
HUIO 3BE3OHON BeNMYMHLI, Kak BeHepa
npyv NpoxoxgeHun no pucky ConHua
(4EpHOE NATHO B JIEBOW BEpPXHEN 4a-
CTn 3Be3abl)? HabnwaoeHnsa BeayTca C
3emMnu.




MoxHO nu Habnwpgate M3MEHeHWe Jfy4eBO CKOpPOCTM 3Be3dbl WM3-3a
OEeNCTBUS NnaHeTbl, ecnu oHa obpaulaeTtca B NAOCKOCTW Ha fny4Ye 3pe-
HUA? nop yrnom 45° K nyyy 3peHusa? NepneHaukynspHo nyvy 3peHnn?

MoxHO nu HabniopgaTe NPOXOXAEHWe nnaHeTbl N0 AWCKY 3Be3fbl, ecnm
OoHa obOpauwiaeTca B NNOCKOCTWM Ha nyy4e 3peHua? nogd yrnom 45° k nydy
3peHna? NepneHguKynspHoO ny4y 3peHusa?

[loyemMy nnaHeTbl 4Yaule OTKPLIBAKT Y XONMOAHbLIX KAPNMKOBbLIX 3BE347

3emnsHe oTnpaBunu curHan Kk 3eesge t Kwura, umelowen 6neck 3,6™ u
CBETMMOCTb, BABOE MeHbluylo, 4em y ConHua. Korga MOXHO Xaatb OT-
BETHbIK curHan? '

3eMnsHe OTNpaBWNM CWrHan K LapoBOMy ckonneHuio M13, umerowiemy
Bo3pacT 13 mnpa net. Y kakux 3BE34 WM HA KAKMX PACCTOAHMSAX OT HUX
TaM BO3MOXHO CYLLUECTBOBAHME MNNAaHEeT C TakuMu Xe TemnepaTypHbiMW
YCNOBWUSAIMW, 4TO U Ha 3emne?

MPUMEPDBI PELUEHWUA 3A0AY

3apava 1. [poiHaa 3Be3pa Haxoamtea B 10 nk ot ConHua. Bneck
KaXaoW M3 KOMMNOHEeHT cocTtasnsaetr 5™. Temnepatypbl 3B€3n, paBHbl 4000
n 6000 K. Bokpyr aTtoi napbel obpawiaeTtca nnaHera, noxoxas rno CBOUM
ceorictBam Ha lOnutep. Jlyd 3peHua obpas3yeTr HEeKOTOPbIA yron ¢ nno-
CKOCTbIO 0opbuTbl nnaHeTbl. lNMpoxoxaeHwe nnaHeTbl Mo OUCKY Kakon m3
3Bé3n Oyaoer ¢ Oonblweil BEPOATHOCTLID 3aMeyeHOo, eCNIM TOYHOCTb W3-
MepeHuin Onecka 3eéspn cocrtaenser 0,005™? 0,001M? [lMoTemMHeHuem
ONCKOB 3BE34 K Kpasm npeHebpeusb.

PeweHnune: PacctosHue po aBoWMHOW 3Be3abl coctaengetr 10 nk, u BW-
aumasa 3BE3OHas BenuymHa Kakaoon u3 3BE€3n coBnagaeT ¢ eé abconioT-
HO 3BE3OHOW BenWYMHOW. Ons kKaxaon wu3 3BE3n abconTHas Bennym-
Ha Ha 0,28™ Oonbwe, 4yem y ConHua. CnepoeatenbHO, CBETMMOCTH
KaXnooun w3 3Béan J cocrtasnser

J = Japbatess RIg 97 o

3peck J, — ceBetumocTb ConHua. Mexops ma sakoHa CredanHa—bonbu-
MaHa, MOXHO ONpefenuTb paguyc Kaxaom w3 3Bé3g no dopmyne
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3pece Ry u T, — paauyc u Temnepatypa nosepxHoctn ConHua. lep-
Bas U3 3BE3[ B nontopa pasa xonogHee ConHua, U eé paguvyc npeBocC-
XOOWT CONMHe4YHblil B ABa pasa. Paguyc BTopon 3Be3gbl coctasnset 0,9
oT paguyca ConHua.

Mo ycnoBuilo 3apayn nnaHeTa, OBWXKYLAACA BOKPYr OBOWHOW 3Be3abl,
noxoxa no ceBoum ceoncTBamMm Ha Onutep. Paguyc KOnutepa B 10 pa3s
MeHblwe paguyca ConHua. Takmm obpa3om, nnaHeTa ycTynaer no pagu-
yCcy nepBoii, xonogHon 3ee3ge B 20 pas, a BTopoin, bonee ropsyen —
B 9 pas. lNpoxoxneHne 3TOW NnaHeTbl N0 AWUCKY MEPBOA 3Be34bl Bbl-
30BET YyMeHblieHne eé 6necka Ha 1/400 vacte wnam Ha 0,003™.
MpoxoxaeHwe nnaHeTbl NO AUCKY rops4Yein 3Be3abl BbI3OBET YMeEeHbLue-
Hue 6necka Ha 1/81 yactb, T.€. Ha 0,013™.

Mbl BUAMM, 4TO Npu To4YHOCTU doTomeTpuu 0,005™ mMbl cMOXeM peru-
CTPUPOBATh TONLKO MNPOXOXAOEHUSA NnaHeTbl NO AWCKY ropsyein 3Be3fbl C
Temnepatypoin 6000 K. Ecnu e TOYHOCTb GOTOMETPUU YNYYLWKMTbL 00
0,001™, TO MOxHO OymeT HabnwpaTb NPOXOXAEHWS NNaHeTbl Mo AUCKY
obenx 3BE3n. C Oonblueit BEPOATHOCTbIO OyayT 3aMeyeHbl Te MPOXoX-
OEHWA, KOTOpbie NPOMCXOOAT 4Yauwie. Tak Kak nAOoCKOCTb OpOuThbl nnaHe-
Tbl 0Bpas3yer HEeKOTOPbLIA Yron C NY4OM 3PEeHUs, MPOXOXAEHUS MNNaHeTbl
Nno AWCKY 3Be3Obl MOryT HE HacTynaTtb. Bbiwe Oyoer BepOATHOCTbL MNpPOo-
XOXOEHUa nnaHeTbl No Aucky BGonee XONOAHOW 3Be3dbl, Tak Kak 3Ta
3Be3nga vmeet Bonbwuin pasmep. MNoatoMy npy TOYHOCTU HOTOMETPUMU
B 0,001™, BeposiTHee, cHavana OyneT 3ame4veHO MNPOXOXAEHWE NNaHeTbl
no AMCKy 3Be3nbl ¢ TemnepaTtypon nosepxHoctn 4000 K.

3apava 2. lNynbcap PSR B1257+12 cran nepebiM, y KOTOpOro Obina
HamMpgeHa nnaHeta. [lepuog 3TOro nynecapa coctaenser 6,22 mc, ero
macca pasBHa 1,5 maccam ConHua. lNnaHeTta Gbina obHapyxeHa Ha OCHO-
B TOro, 4T0 WMMNYNbCbl PErMCTPUPOBANUChL HE B TO BpPemMmsi, B KOTOpOe
OHWM OOMKHbLI ObiNM nocTynaTte. Ha rpaduke npueeneHa 3aBUCUMMOCTbL Be-
NUYNHBI CMELLEHWUS MOMEHTOB peructpauum MMnNynsCoB nynbcapa (no
CpaBHEHWIO C Mopenekio 6e3 aTol nnaHeTsl) OoT BpemeHun. OueHuTe maccy
MNaHeTbl, CYMTAsA, YTO Ny4 3PEHUS NEXUT B NAOCKOCTU €€ OopOuThl.

OaHo: Pewenune: lNynbcap nameHseT CBOW Habnwogaemblin ne-
T = 6,22 MC puog BCNeacTBMEe CBOEro BpalleHWMs BOKpyr obuiero ¢
(0,00622 c) nnaHeTon ueHtpa macc u adoekra Honnepa. Mo rpa-
M = 1,5M, duky ™Mbl MOXEM oOnpegenute nepuon obpaleHus

nynbcapa W nnaHetTbl BOKpyr obuwero ueHtpa macc T,
R ¥ OH paBeH 25 cyTkam.
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3anasgbiBaHMe CUrHanoB OnpenensieTca Tem, HACKONbKO panblwe (unu
6nuxe) pacnonoxeH nynbcap NO CPaBHEHWKID C LEHTPOM Macc cucre-
Mbl. ECnu ny4 3peHns HaxoauTca B MAOCKOCTU opbuT, To paguyc opbu-
Tbl Nynbcapa A ecTb Npou3BefeHWe MakCuManbHOro 3anasgblBaHus UM-
nynbca At (0,0035 mc, cM. PUCYHOK) U CKOpocTu cBeTta (c):
A=c-At = 1 km.

O603Ha4ymMm macchbl nynbcapa M nnaHeTbl Kak M n m, paguyc opbuTbl
nnaHeTbl kak A. PacctoaHue mexay KOMMOHEeHTaMW CUCTEMbl pPaBHO
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Mynecap

MnaHerta

Y
K Habniopateno

3pecb a — Oonbwas nonyocbs OpOUTLI NnaHeTbl. Mbl y4nu, 4TO M3
onpegeneHua uedtpa macc AM = am. U3 lll sakoHa Kennepa wmeem
GM + mT2 _ 3 _ ,3(M+ m)®
m 0 m?
Macca nnaHeTbl cocTaBnser

4m3(M + m}ﬂAﬂ)% (4n2w12A3) (@)%
G

—

GT? GT?

Mol nonydaem 3Havenne 102 kr, mnm 1/60 maccel 3emnm! C yy4éTom
BO3MOXHOIO HaknoHa opbuTbl NnaHeTbl K KapTMHHOW NAoCKocTu (npw
pPEWeHNn He paccMaTpuvBanocb) mMacca nnaHetbl MoxeT ObiTb OGonblue.
B peanbHOCTM y gaHHOro nynbcapa ectb ewe age nnaHetbl ¢ Honbliedn
Maccoi. B gaHHoin 3apgave Obin OTAENBHO paccmoTpeH 3addekT, no Ko-
TOPOMY yAanocb OTKPbITb TPETbIO, HAMMEHEE MACCUBHYIO MaHerTy.
Oteer: 10 «r.
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OrBerTbl K 3apauam

BeeneHne B acTpOHOMMIO

1.1. ConHue. 1.2. 102 kr. 1.8. 5: 10" km. 1.4. Yepe3 50,2 ThiCS4M NeET.
1.5. JnuHa nNpoOBONOKM COCTaBUT nNpumMepHo 5:10%° km, yTto Bonblue
HblHEWHMX pa3mepoB BcenenHon. 1.6. 120 000 net. 1.7. B 3,7 pasa.
1.8. 8:102" kr/m3. 1.9. 3 km. 1.10. B 2:10" pa3. 1.11. Oxono
8000 km. 1.12. PaspeweHne Teneckonoe Ha 3emne OorpaHu4yeHo Busa-
HMeM 3emMHOW atmocdepbl M paBHO npumepHo 17, PaspelueHwe Tene-
ckona wumeHn Xabbna nydwe 0,17 1.13. «PagnoacTtpoH» — MOXHO
(paspeweHue okono 10 mnH kM). C METPOBbLIM TENECKOMNOM — Hesb3s
(paspewexHne — coTtHu munnuapgoB km). 1.14. OtcytcTBue atmocde-
pPbl; Manas YyrnoBas CKOPOCTb BpaweHws HebecHoW cdepbl; MeHblias
cuna THXEeCTW, BO3MOXHOCTb YCTAaHOBKM TSXENOro obopyaoBaHUS.
1.15. MNMpumepHo 120 000 3B€3n Ha Bcen HebecHoW cdepe.

AcTpomeTpus

2.1. B 100 pas. 2.2. HApuye psowHas w3 3séag 1™ m 3M. 2.3. -27,2™.
2.4. Toyka 1. 2.5. OaMHAKOBO C TOYHOCTLIO [0 HECKOJbKWX NMPOLEHTOB.
2.6. 28,5M. 2.7. ViImeHHO B 3Ty CTOPOHY B CEBEPHbIX WMPOTax no Heby
Bpawaetcas ConHue W ero TeHb — CTPefika CONHEYHbIX Yacos.
2.8. [ee — CesepHblin 1 OxHblin nonoca mupa. 2.9. B Tponnyeckom
nosce, Ha wwpoTtax oT —24,5° no +24,5° (WKMpPOTbl TPOMWKOB MNAKOC NPW-
MEpPHO OAWH rpaayc, COOTBETCTBYIOWMWIA BUOMMBIM pa3mepamM TeHu 3em-
nu). 2.10. [a; Het. 2.11. B anBape. 2.12. OH BblLe BCEro pacnona-
raeTcs Hag ropu30OHTOM JIETHUMW HOYaMW W  OCEHHUMW BeYepamu.
2.13. 2, Tak MoxeT ObITb TONbko B KOxHOM nonywapun. 2.14. Bepo-
ATHEee Bcero — nnadera. 2.15. +23,4°; -23,4°; +66,6°; -66,6".
2.16. 20°. 2.17. 0°. 2.18. HeT; pa. 2.19. [lna 3BE30 CO CK/IOHEHUEM
or -56° pmo +56°. 2.20. Toyka BeceHHero pasHopgeHcTBuda. 2.21. Her.
2.22. [a; pa. 2.23. [Ha. 2.24. 90°. 2.25. OgHa 4etBepTb. 2.26. +70°.
2.27. B tOxHom nonywapuu; B CesepHom nonywapun. 2.28. Mapc,
IOnuTep nnm CatypH. 2.29. C nesoi ctopoHbl. 2.30. CarypH. 2.31. B Ha-
yane sHBaps BOMM3M OXHOrO Tponuka (Ha wwupoTtax 22—23° 10.u.).
2.32. Beyepom. 2.33. 3umon. 2.34. OceHbio. 2.35. WU3-3a pBuxeHUs
3emnu Bokpyr ConHua; cuaepuydeckuin nepuwop. 2.36. Het, Tonbko B
ceBepHbIX wWupoTax. 2.37. BOnu3m skBatopa B TEMHOE BPEMSA CYTOK




pora HanpasneHol Beepx. 2.38. 3, TaMm BuAHA 4YacTb OOpPaTHOW CTOPOHbLI
JNlyHel. 2.39. Takoe B3auMHOE pacnonoxeHwe 3emnm u JlyHbl HEBO3-
MOXHO. JlyHa, 04eBUAOHO, O0/KHA HAXOAUTLCA Mexay 3eMNén u Habnio-
narenem, Ho B atom cny4yae 6bino Obl BUOHO €€ obpaTtHoe nonywapwue,
a He TO, 4YTO Ha pucyHke. 2.40. HosonyHwe; nonHonyHue. 2.41. M3-3a
HaknoHa opbuTbl JlyHbl K 3knunTuke JlyHa 0ObIMHO MPOXOAUT Bbille UK
Huxe ConHua unm 3emHoin TeHu Ha Hebe. 2.42. [a. 2.43. Beuep.
2.44. JlyHHas TeHb cpaBHUTENnbHO Mana (He bonee 250 km, ecnu He
y4nTbiBaTe aM@EKT NPOEKUMM Ha 3EMHYID MOBEPXHOCTb) M BLICTPO ne-
pemMellaeTca no nosepxHoctu 3emnun. 2.45. 7,5 muHyTtbl. Heobxooumo
Y4UTBIBATb, YTO MOBEPXHOCTb 3eMnu Takke ABWXETCHA 3a CYET OCEBOro
BpalleHnsa Hawewn nnaHetol. 2.46. V3-3a paccesHUA CUHe-3eNeHbIX ny-
yein ConHua B atmocgepe 3emnn. Ty Xe NpuUYMHY MMeT ronyboin user
ACHOro Heba M kpacHblii uset ConHua y ropusoHTa. 2.47. lMpospau-
HOCTb atmocdepbl 3emnu pes3ko yxyawanack, v JlyHa B TeHun 3emnu
BMECTO KpacHoro npuobperana TEMHO-KOPUYHEBbI UBET, MHOraa cTaHo-
BACb npakTuyeckn Hesuaumoin. 2.48. Het. TeHb 3emnu 0kono JlyHbl
3HauMTensHo Oonbwe camoi JlyHbel. 2.49. KonbueobpasHblie. CpegHuin
yrnoeo auvameTtp y ConHua Oonbwe, 4em y JlyHol. 2.50. TeHeBble JyH-
Hble, Tak Kak TeHb 3emnu wumeer OONbLWIKWA YrNOBOM OuaMeTp, 4Yem
ConHue. 2.51. 1, 3, 4. 2.52. JlyHHOe 3aTtmMeHue 3ane4yarneHo Ha $oTo
1, 2, 4, 6. 2.53. B peHb oceHHero paBHoaeHcTBuA. 2.54. 12 pekabps.
2.55. Her. HaknoH 3kBatopa K 3KAUMNTUKE BCE paBHO nopoxpan Obl
apPeKkT ypaBHEHUA BPEMEHU, XOTA OH Obin Obl MeHbwnM. 2.56. 45° B.A.
2.57. B 23"57" no MOCKOBCKOMY BpPEMEHM Toro xe aHA. 2.58. Okono
1 ceHTAbpsa. 2.59. B 16"56". 2.60. HyxHO npoexate Ha 56 kM B 3a-
nagHoMm HanpasneHun. 2.61. 366. 2.62. lOnwaHckmin, Ha 11 MUHYT.
2.63. B XLIV (44) n XLV (45) sekax.

HebecHas mexaHuka

3.1. B 1,5 paza. 3.2. Kozsepor. 3.3. Mepkypuii, BeHepa. 3.4. B BocC-
TO4YHOWU cTopoHe yTpom. 3.5. Bocrtouynas. 3.6. 22°. 3.7. [Ha, B61m3um
HUXHEero coeguHeHusa. 3.8. Y Mapca, koTopbliili Oygoer HaxoguTbCs
Ha Hebe npotuBononoxHo ConHuy. 3.9. Ocenbio. 3.10. 41°
3.11. 6°0000,0237¢, B oceHHee paBHOgeHCcTBME. 3.12. 15,2 nk,
497 cB. net. 3.13. 0,38 a.e. 3.14. B o710 Bpems 3emns HaxoouTCcs B
TOM Xe HanpaeneHuu ot ConHua, 4To U nepurenuin opbutel Mapca.
3.15. B 4,4 paza. 3.16. 29,8 km/c; 29,3 km/c; 30,3 km/c; 24,1 km/c;
21,9 km/c; 26,4 km/fe. 3.17. 1,019 /cyT; 0,952°/cyT: 3.18. 2,73 a.e.
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3.19. 34,5 a.e. 3.20. 1,77 cyr. 3.21. CnytHuk Mapca ®oboc. 3.22. Hen-
TyH. 3.23. 0,5. 3.24. CartypH. 3.25. [vnepbonuyeckaa. 3.26. 5, 3, 2,
1, 4. 3.27. Takoe xe, kak Bokpyr 3emnu 6e3 armocdepbl, — 84 mu-
HyTbl. 3.28. Paguyc actepouvpa 6Gonbwe 20 km. 3.29. 26 140 km.
3.30. 1,2-10° kr/cm®. 3.31. 3 km. 3.32. 17. 3.383. MepuueHTtp: v, =
= vnﬂﬂ + e; anoueHTp: v, = VAU\H - e. 3.34. Mepkypuir: 239 TbiC. KM;
Benepa: 1536 Tthic. km; 3emnqa: 42,2 teic. km; Mapc: 20,4 Thic. KM;
IOnutep: 160 Toic. kMm; CatypH: 112 Thic. kKM; Ypan: 82,7 Thic. kMm; Hen-
TyH: 83,5 Thic. kM. MoryT cywecTBoBaTb ONA BCex nnaHet, kpome Mep-
Kypus u BeHepbl, roe Teno ¢ 3tux opbuT nepernaét Ha OKONOCONHEeY-
Hyto opbuty. 3.35. CartypH. 3.36. 1,24 ropa. 3.37. 2,17 a.e.
(anutenbHOCTs nonéta Tyaa u obpatHo — 2 roga) wam 3,16 a.e.
(3 ropa). 3.38. Okono 5 pgHer (B peansHOCTWU ©ObNO 4 aHA).
3.39. 0,077 c' vnmn 4,43°/c. 3.40. Mepkypuin (ecnu yyuTbiBaTL Hanu-
yne y 3emnu armocdepsl).

CrpoeHune ConHe4yHOW CUCTEMBI

4.1. 7 — ConHue, Jlyha v 5 nnaxetr. 4.2. 12590 net. 4.3. [a, ato
opbuTtekl, xapaktepHble ana obnaka Oopta. 4.4. BOnblyK 4YacTb Bpeme-
HU — cCHapyxu, B cpeagHem B 0,06 paguyca ConHua Hag ero rnoBepx-
HocTbio. 4.5. 47. 4.6. Ot 0,4” po 0,8”. 4.7. Ot 12,2 po 71,8 km/c.
4.8. 32,4 ropna. 4.9. Bera. 4.10. 80 km. 4.11. lNpubnuxeéHHoe 3Haye-
HUe, pacCYMTaHHOE No camMoi npoctoi mopenu, — 9,87 m/c?. ToyHoe —
9,83 m/c?. 4.12. 2,9-1077. 4.13. luppocdepa, B HECKONLKO COTEH
pa3. 4.14. bnnxe Bcero Kk nonwocy muvpa 3Be3ga Koxab Obina poBHO B
Hadyane Hosow 3pbl. 4.15. CesepHbin nonioc. 4.16. Her. 4.17. U3-3a
BpaweHna 3emnu Bokpyr ConHua. 4.18. 57. 4.19. B nyHHbIX MOpSsX
Boabl HeT. 4.20. 1650 km. 4.21. Ha 3keatope. 4.22. JlyHa ypansercs
OT 3emnn, NMHeNHas 1 YrnoBas CKOPOCTW yMeHblialoTes. 4.23. 3,4+ 10722 r,
B 2,2 pa3a MeHblle e€ peanbHOro 3HavyeHus, B ¢asax nepBoil U no-
cnegHen 4vetBeptu. 4.24. HebecHblil 3kKBaTOp, U3-3a Mpeueccun 3em-
HOW ocu. 4.25. B nyHHom mope. 4.26. lMpunueHoe TpeHwne, 3aaepxu-
Balouwlee Oonee ObicTpoe oceBoe BpaweHue JlyHbl, KoTopoe Obiio
paHbwe. 4.27. Onutep; Onutep. 4.28. BeHnepa Ha ¢oT0 2 n 4,
4.29. Benepa, n3-3a MOWHOro napHukoBoro addekra, co3aaBaemoro
yrnekucnbiMm rasom B eé armocodepe. 4.30. Benepa, B0 Bpemsa e& npo-
xoxpeHusa no aucky ConHua B 1761 rogy. 4.31. Ha BeHepy, B NNOTHOM
atMocdepe KOTOPO MOXHO BblN0 OCYLECTBUTbL NOCaaky C NapawoToM.
4.32. ConHue, JlyHa, BeHepa. 4.33. B 300000 pas. 4.34. 45—50".



4.35. Mapc, B 23,2 pasa (Ha 3,4™). 4.36. CatypH. 4.37. CatypH.
4.38. C 3emnn — CatypH, YpaH. C KoCcMuyeckux annapartos — lOnu-
Tep, HentyH. 4.39. Wo, wu3-3a npwunuBHoro pgenctema Onutepa.
4.40. [lse — Llepepa u lMnytoH. 4.41. 11,8 yacos. 4.42. 100 cekyHA.
4.43. B pasHopeHcTBue. 4.44. 7 km. 4.45. 3, 2, 1, 4. 4.46. OOnexT
2 (nnaHeTapHas TyMaHHOCTb BOKPYr OCTaTka Oanékoll 3Be3abl) He CBS-
3aHa ¢ kometown (3), eé pacnagpom (1) M ockonkamu, BneTawWMMWU B
atmocdepy n nopoxaamowmmm asneHna meteopos (4). 4.47. MNpu npu-
tnvxeHun k ConHuy néa, BxXoAAWWMA B COCTaB KOMET, MCNapsaeTcs.
BmecTte C yactuuamm nbinv OH oOpasyeT ronoBy WM XBOCT KOMETbI, KO-
TOPbIE CYLLUECTBEHHO YAy4YLWwalT €€ CcMNoCOOHOCTb OTpaxaTb COJIHEYHbIW
ceeT. 4.48. B 2136 r. 4.49. lNpwu kaxgom npubnmxeHnn k ConHuy Ko-
MeTa TepsieT 4acTb CBOero BeuwecTtsa. KopoTkonepuoauyeckue KomeTbl
NnocTeneHHo TepsalT fapkoctb. 4.50. 19,6 a.e. («komeTta cemencTsa
YpaHa»). 4.51. Ot 11,2 po 72,8 km/C (HEOOXOOUMO Y4UTbIBATb MPUTHA-
xeHune 3emnn). 4.52. Ot 15 po 630 TOHH. 4.53. B 35000 pas.
4.54. CymmapHaa macca Bcex actepouaoB B 1000 pa3 meHblue mMaccChl
3eMnn, ux HegocTtaTto4yHo ana nnaHetol. 4.55. Hanmbonee onacHel Tena,
OOroHaWwmne 3eMnl U MMEKoWMe MEHbLWY CKOPOCTb OTHOCUTENbHO
Hawern nnadeTtsl. OHW ¢ Bonbluein BEpOATHOCTLIO HE YCMNelT CropeTts A0
nageHnusa Ha NOBEpPXHOCTb 3eMu.

Actpodusuka v 3BEé3aHaAA aCTPOHOMMSA

5.1. 7 cm, 60 kpar. 5.2. 1,8", ato onpegenserca gMameTpom 0b6BLEK-
Tnea. 5.3. 4000 a.e. vnm 0,02 nk. 5.4. Okynap ¢ POKYCHbIM paccTos-
Hnem 8 cm. 5.5. Okono 0,0001”. 5.6. Teneckon c gnameTpomMm O0OBLEK-
Tmea 60—80 cm. 5.7. Y cuHMX ny4yeil MeHblle AnuHa BOJHbI M Kak
cCnegcTeue — MeHblKnK pas3mep andpakumoHHoro aucka. 5.8. Onsa Ha-
OnoaeHna pasHbiX 0OBLEKTOB HyXHbl pasHble yBenuyeHusa. Cnabblie Ty-
MaHHOCTW, 3BE3OHbIE CKOMMEHMA W ranakTuku Ny4dwe BUAHbl Npu ma-
NIEHBKOM YBEAMYEHUW, a ONA pa3pelleHUs TeCHbIX OBOWHbIX CUCTEM W
HabnwogeHna JlyHbl U NNaHetT HyxHbl Oonbwune yBenudeHus. 5.9. 3 cwm.
MNpwn Gonblem OKYCHOM PacCTOAHMM OKynspa 4YacTb cBeTa, cobpaHHo-
ro obbekTnBom, He ByaeT nonagaTte B rna3 Habnwopgarensa. 5.10. 1,2 cm.
5.11. B 2 pa3a; B 1,6 pasa. 5.12. 6,310 Ox. 5.13. YMeHbWNUTCH
npumepHo B 4 pasa, ConHue ctaHeT kKpacHeiMm. 5.14. Okono 17 M.
5.15. 2,6-10® Ox. 5.16. Okono 10°'* Bt. 5.17. CBeTUMOCTbL 3Be31bl
nponopuuoHanbHa R?T*, roe R u T — e paouyc n Temnepartypa. Ap-
2

LE:

KOCTb 3Be3abl Ha 3emne nponopLuoHanbHa roe L — paccrosHue




FI!E
DO 3Be3abl. [Nnowaae BMAMMOro gucka nponopuuoHanbHa iz B wutore

APKOCTb C eAuHWUbI BUMOAWMMOW MNowagyM nponopuuoHansHa T°.
5.18. 2 mnH K. lMpu OGonblieint KUMHETUYECKOW TemnepaTtype MpOTOHbI
HaYyHYT NOKWAATb CONHEYHYK KOpPOHY. B utore B Hell 3apepxueBaloTca
TONBKO 4YacTuubl C MeHbLlen 3Hepruel. bonee nérkve anNeKTpoHbl yaep-
XMBAIOTCA 3NeKTPOCTaTUYECKUM MpUTSXeHnem npotoHoB. 5.19. KopoHa
CUNBLHO pa3pexeHa U He HaxoauTCA B COCTOSIHMWU TepMOAMHAMWYECKOro
paBHoBecua. lloatomy oHa cBetut cnabee ConHua. 5.20. C cuHumM;
Cc kKpacHbiM. 5.21. Ha obObekTtuB (He okynap!) Teneckona HYXHO HaaeTb
NNOTHBLIA CONHEYHbIN CBETODUNLTP, YOEeOMBLUMCL, Y4TO OH 3aKpernnéH MU He
cnageT ¢ Hero. Apyroin cnocob — npoeuuposarte n3obpaxeHue ConHua
Ha Oenbii 3KpaH, YCTaHOBMEHHbIM 3a OKYNAPOM, MNpM 3TOM HaBOOMTLCA Ha
ConHue HYXHO, He rmapa B Teneckon. 5.22. 2610 Br/m% 590 Bt/m2.
5.23. 7250 K. 5.24. lMNepBaa 3Be3ga Ap4ye B 6,25 pas. 5.25. Yrnosoit
ouwameTtp Betenvreiize Gonblie B 12 pa3. 5.26. 5,3- 10" kr. 5.27. 2,2 r/cm°.
5.28. Oxkono 40 ceetumocTtenn ConHua; cnekTpanbHbid Knacc A.
5.29. 0,7™. 5.30. R = 220 mnH km (6000 K/T)2. 5.31. JluHuM BOOO-
pooa B ONTUYECKOM auanas3oHe CcrnekTpa co3galoT Bo30yXaEHHble arTo-
Mbl, KOTOpbiXx Ha ConHue mano. Wx cyuwectseHHO Oonblwe y 3BE3a

M R

cCnekTpanbHbiX Knaccoe A n F. 5.32. 7 R 5.33. CeepxruraHt co
0 0

cBeTUMOCTbI0O He meHee 2500 ceetmmocTtenr ConHua. 5.34. 3:10* c.
5.35. 9-10* c. 5.36. 0,9 cm. 5.37. 80 c. 5.38. 470 km/c. 5.39. 800 TblI-
ca4 net. 5.40. Pagunyc ropsyein 3se3gbl B 10 pa3 meHblle paguyca Xxo-
nopHo 3se3gbl. 5.41. 3,08™; 0,07™. 5.42. B). 5.43. 0,75™. 5.44. 11,5 ya-
ca. 5.45. 13 nk. 5.46. B muHumyme papguyc Oonbwe Ha 5 %.

5.47. 100 nk (B pencrtButensHoc™m — 130 nk). 5.48. 450 «knk.
5.49. B 100000 pas3. 5.50. 2,6-10® [Ox. 5.51. MNpumepHo pas B
500 netr (B peanbHOCTM — pexe W3-3a MEX3BE3OQHOro MNOr/oLeHNs

ceetra B gucke lanaktukum). 5.52. 2 knk. 5.53. Okono 6™, MOXHO.
5.54. [la, TaKk Kak cymmapHas macca cuctembl paBHa 3,7 maccel ConHua.
A e

Mneuynbid MyTe — Hawa ManakTuka

6.1. XonogHoliA ras Npu TOM Xe AaBneHun mmeeT BOMbLUYIO NNOTHOCTS,
a Takke XapakTepu3yeTcs MEeHbLUe CKOpPOCTbio 4Yactuu,. [loatomy xo-
NOAHLIM ra3 ner4ye cCXwWmaeTca nog Aenctemem coOCTBEHHOro TAroTe-
Hua. 6.2. Okono 130000 3eéspg. 6.3. 800 mnH net. 6.4. AbconioTHas



3gé3gHas BenuymHa AnbgebapaHa NpUMEpPHO Takasa Xe, Kak spYanlmnx
3Bé3n ckonnenus magbl, HO oH B Hebe 3emnn sap4ye. CnepoBaTenbHo,
AncpebapaH Haxogutca OGauxe. 6.5. 0,7 nk. 6.6. 0,8 ceetumocTtu
ConHua. 6.7. B lanaktuke cenqac HeT KpynHbix obBnakoe rasa, wm3 KO-
TOpbIX MOrno ©Obl obpa3oBaThbCa WAPOBOE CKOMNNeHue (HecKONbKo COoT
ThicAY 3BE3a). HO oHM moryT BbiThb B Apyrux ranaktukax. 6.8. Paccesn-
HOE CKOMJIeHWe, B OTNNYMEe OT LapoBOro, He SBMASETCA rPaBUTALMOHHO
CBfi3aHHbIM U ObICTPO pacnagaetca. Ctapbie pacCesHHbLIE CKOMMNEHUA He
MOryT cyulectsoBath. 6.9. PaccesHHble CKOMMeHUs MoryT ObiTb TONbKO
Tam, rge npoucxoauTt 3BezaoobpasoBaHne. 3a BpemMs CBOEW XWM3HW OHU
He ycneepawT MNOKWHYTL 3T obnactu. LUapoBbie ckonneHms 3a Bpems
CBOEM XW3HW yCrneBalT CUMbHO WM3MEHUTb CBOW OpOWTbI BOKPYr UEHTpa
fanakTukn v HabnwogawTcs BO Bcex HanpasneHusx oT Hero. 6.10. Te-
neckon ¢ pauameTtpom obObekTuBa He meHee 6 cm. 6.11. 8 km/c.
6.12. CmoxeT, paccTosHuMe mMexpy 3BE3gamu CylecTBeHHO Oonblue
pa3amepoB nnaHeTHon cuctembl. 6.13. Okono 5 knk. 6.14. [da, 0,02”.
6.15. 2,7:-10°® kr wnm 135 mnH macc ConHua. 6.16. Oxono 20.
6.17. Okono 2 mnpg net. 6.18. —12,5™, kak nonHasa JlyHa. 6.19. -18,3™.
6.20. Ux 3BézgHaa BennduHa Oypet okono +13,5™, B 20-caHTUMeTpoO-
Bblii Teneckon OHuM OyayT Ha npegene suaumoctu. 6.21. 1 — ranakTnku
(Bganu ot MneyHoro lyTn), 2 — WapoBblie CKOMNeHns (rano BOKPYr ueHTpa
[anakTukn), 3 — paccesHHble ckonneHus (B MneyHom [lMytu). 6.22. Okono
200 mnH net, kak u y ConHua. 6.283. Bcé Hebo Oyoetr umeTb Ty Xe no-
BEPXHOCTHYIO SPKOCTb, YTO W cKonneHue B Hebe 3emnu, nonycoepa Gynet
MMEeTb 3BE3OHYID BenudmHy okono -5". 6.24. 200 nk. 6.25. OHM npo-
nsownu yxe 4yepea 20—50 mnH net nocne 06pa3oBaHUA CKOMAEHUS,
T.e. okono 13 mnpa net Hazapn. 6.26. lanakTuka cTaHeT CyLeCTBEeHHO fpuye,
Tak Kak Mbiflb NepecTaHeT CKpbiBaTh UeHTpanbHble obnactu lanakTuku.

ManakTuku

7.1. TymanHocTb AHapomeabl, okono 2,5 MAH cBeToBbiX neT unn 770 Knk.
7.2. [JeBa (6onbwoe ckonneHwe ranaktuk); Crtpeney (nNbinb OUCKa Ha-
wein lanaktukn ckpeieaet Gonee panékne obvekTbl). 7.3. 4 (paccesH-
HOEe 3BE3aHOEe cKoreHue), 2 (wapoBoe 3Be3aHoe ckonnexnue), 1 (bonb-
woe MarennaHoBo o6nako — cCnyTHUK Hawen lanakTuku), 3 (TYMaHHOCTb
TpeyroneHuka, cocegHsas Oonblwasa cnupansHas ranaktuka). 7.4. B 1y-
MaHHoOCTKM AHapomepnbl. 7.5. B TymaHHocTW AHapomenbl. WanyyeHwe
3Be3nbl B Hawewn [anaktuke OypeT OnokupoBaHO nbinbo. 7.6. 1,5—
2 mnpg net. 7.7. CnupansHble — 1, 4; annuntuyeckas — 3; Henpa-




BUAbHaa — 2. 7.8. Yepes 5 mnpa ner._7.9. Okono 150 Mrk.
7.10. 0,35; 105000 xm/c. 7.11. 4023 A; 4058 A. 7.12. 24"
7.13. Okono 1200 km/c. 7.14. p ~ R2 7.15. 6,5-10'" ceetumocTei
ConHua. 7.16. 0,45 macc ConHua B roa. 7.17. 1,5 Mnk. 7.18. 7 I'nk,
4YTO conoctaeumo ¢ macwrtabamn BecenewHon. 7.19. 21,7™. 7.20. z ~ 10.
7.21. 10"° pner. 7.22. 4 nk. 7.23. 180 a.e. 7.24. Ha 0,8™. 7.25. Mubi
CMOXEeM 3aMeTUTb W3Ny4eHne camoi nbinu B WHdpakpacHoin obnactu
cnekTpa. Momumo 3toro, ecnu paaom 6yaeT HaAXOOMTLCA OPYras ranak-
Tka, Oyoer 3amMeTHO uckaxeHue e€ GOopMbl, BbIZBAHHOE MNPUTSXEHWEM
3anbINéHHOW ranakTuku, 7.26. 3Be3poobpa3oBaHmMe WMHTEHCUBHEEe B ra-
naktuke ¢ z = 1, 7.27. MpumepHo B 10'° pas.

CtpoeHue u asonwouua BceneHHon

8.1. B 8 pas 6onblue, 8-10% kr/m. 8.2. B 4 pasa Gonblue, 4-10728 kr/me.
8.3. 7-107" kr/m®. 3710 Ha HECKONbLKO MNOPSAAKOB 6ofblue peanbHbIX
NAOTHOCTEN TymaHHocTel. 8.4. MnotHocTb Manaktukm B 108 pas 6Gonblie

KpuTudyeckoi nnotHoctu. 8.5. 6 M2, 8.6. R = f? =1,4-10% m = 14 mnpa

CBETOBbIX NeT — xapakTepHblii macwTab BcenenHoin. 8.7. Yepes 15 mnpa
net. 8.8. PenuktoBoe wanyyeHue. 8.9. lNpu Bo3pacte BceneHHow
B 100 Tbic. net. 8.10. 350 km/c. 8.11. 4-10% m=3. 8.12. Bo Bcenen-
HO obpa3oBanuch Obl ranakTUKM W CKOMNNEHWA ranakTuk, HO OHW ObinK
Obl ropas3no TemMHee, Tak Kak 3BE34aMu CTAaHOBMAMCH Obl TONBKO O4YeHb
KPynHble Tena ¢ mMaccon B Heckonbko macc ConHua, B KOTOPbIX Hava-
nmcb Obl TepMosigepHble peakunn ropeHus renus. bonee Toro, Bpems
XU3HW 3TUX 3BE3H Obino Obl KpaliHe HEBeNMKO — HEeCKOSbKO MIH JeT.
BceneHHas O6bicTpo cTtana O6bl coBepweHHo TémHou. 8.13. 1) Koneu-
HOCTb MacwTabor BceneHHOW; 2) KpacHOe CMelleHMe U YMEeHbLUEeHUe
aHeprun GOTOHOB OT Aanékmx o6bekToB; 3) Mex3BE3AHOE NOrnoLieHue
ceeta. 8.14. [a, B6nm3m Hawen [anaktuku. lNpumep — TYMaHHOCTb
AHpgpomeppl (z = -0,001). 8.15. 2 mnpa net. BeINO M3BECTHO, 4TO BO3-
pact 3emnn Gonbwe. 8.16. B nepsom cnyyae ga, tak Kak xabbnosckan
CKOpPOCTb, COOTBETCTBYyIOLWAA paauycy MectHoin rpynnbl (okono 30 km/c),
MEHbLLEe BTOPOW KOCMU4Yeckou ckopocTtu (okono 150 km/c). Bo sTopom
cny4ae Het, 8.17. Pe3ko nameHuTcsa ¢popma ranaktmk U UX CnupanbHbIX
BeTBei. lNoaBaTcA HOBblIEe Oo4aru 3Be3poobpa3oBaHus. locneacTsns ons
NNAHETHLIX CUCTEM MAanOBEPOSTHLI, TaK Kak PaccTosHWA Mexay npone-
TalWUMKU MUMO 3BE3a4aMU CYLWECTBEHHO O0fblue pasMepoB MAAHETHbLIX
cuctem. 8.18. 0,54. 8.19. Okono 20 mnpg ner.




CoBpemMeHHble npob6nemMbl acCTPOHOMMM

9.1. 7 mnpa net. MNnotHocTK BbiNK oauHakoBbl. 9.2. Hert, Tak kak nnoT-
HOCTb Matepuu B MecTHOW rpynne Bbille MAOTHOCTHM TEMHOW 3HEepruuw.
9.3. 1,3 Mnk. 39T0o xapakTepHOe pacCTOfAHWe, Ha KOTOPOM CTaHOBUTCH
3ameTHbIM xabbnoBckoe pacwupeHue ranaktuk. 9.4. 0,01™; 0,0001™,
9.5. 2,1-10* A: 1,5-10° A. 9.6. 9-10% «r (nonosuHa maccel KOnute-
pa). 9.7. 0,08 a.e. 9.8. 0,1 maccbl ConHua. 9.9. lynbcapbl umeoT
cTtabunbHble U TOYHO onpenéneHHble nepuoasl. encteme paxe Hebonb-
LWMX MJaHEeT MOXET Bbi3BaTb M3MEHeHUsa Habnwpaembix NMepuoaos, KO-
Topble MOryT 6biTk 3adukcuposaHsl. 9.10. Okono 108 9.11. 10 nk;
okono 5m. 9.12. 45 Teic. km; 0,2 a.e. 9.13. 50000 km. 9.14. [a; pna;
HeT. 9.15. [Ja; Her; HeT. 9.16. M3-3a mMeHblueir maccbl 3BE34, Y HUX
perncTpupyotcs OOonblUME CKOPOCTW, BbI3BaHHbIE OENCTBMEM NNAHeT.
Mpwn npoxoxpeHnn no AUCKY ManeHbKOW 3Be3abl MnfaHeTta Bbi3biBaeT
bonee 3ameTHoe napeHue Onecka 3Be3gbl. 9.17. Yepes 27 ner.
9.18. Y KpaCHbIX Kap/iWKOB, €LIE He coweawmx C rMaBHOW nocnenosa-
TenbHOCTU, macckl He Bonee 0,7 macc ConHua, CBETUMOCTL He Donee
0,25 ceetumocTeir ConHua, pacctoaHusa 00 3Be3gbl He Bonee 0,5 a.e.

L



NMPUNOXXEHME

OcHoBHbIe dU3NYEecKue U acTPOHOMUYECKUEe NOCTOSHHbIe
lpaBuTaumoHHas noctoaHHaa G = 6,672 - 107" m® - kr ! - ¢ 2
CkopocTe csBeTa B Bakyyme ¢ = 2,998 - 108 m/c

MoctosHHas BonbumaHa k = 1,38 - 10728 M2 -kr+¢c 2 K1
YHuBepcanbHaa rasosasi noctoaHHad R = 8,31 M2 -kr-c 2+ K' - monp™’
MocTtosivHasa CredaHa—Bonbumana ¢ = 5,67 - 108 kr-¢c 2+ K4
Macca npotoHa m, = 1,67 - 10727 kr

Macca anektpoHa m, = 9,11 - 107°" kr

AcTpoHomMuyeckas eauHuua 1 a.e. = 1,496 10" m

Mapcek 1 nk = 206 265 a.e. = 3,086 - 10'® m

MoctosHHas Xabbna H = 68 (km/c)/Mnk

HdaHubie o ConHue

Pagouyc 697 000 km
Macca 1,989 - 10%° «kr

CsetumocTtb 3,88 - 10%6 BT

Buaumas 3Beé3gHas Benu4uHa -26,78™

AbBconioTHaa 3BE3aHad BenuduHa +4,72M

IpdekTueHas temneparypa 5800 K

CnekTpaneHblini knacc G2

ConHe4Has nocTosHHasa Ha paccrosHuu 3emnmn 1360 Bt/m?

OaHHble 0 3emne
Tponuyeckuin rog 365,24219 cyTokK

CpegHsa opbutanbHas ckopocTk 29,8 km/c o
Mepwon spaweHns 23 yaca 56 MuHyT 04 cekyHabl b
IKkBartopuanbHbll paguyc 6378,14 km

MonspHbld paguyc 6356,77 KM

AaHHblie 0 JlyHe

CpenHee pacctosHue ot 3emnun 384 400 km

CpepHuin akcueHTpucutet opbutel 0,055

Cwaepw4yeckuin (3BE3aHbIN) nepuon obpauweHna 27,321662 cytok
CuHoguyeckmin nepuwopn obpaweHuna 29,530589 cytok

Papunyc 1738 km e
Macca 7,348 - 10%? «kr

CpenHss nnotHoctb 3,34 r - cmM™2

Buonmas 3eeé3nHas BenuyuMHa B nonHonyHue —12,7M

e
;



OUNINYECKME XAPAKTEPMCTMKM
COJTHUA N NNAHET

| Mnawera Macca Papuyc Mnor- Nepuog Haknon | Bup. =
i | HOCTh | BpawleHus | aKBaTo- | 3B83p- &
= Macch KM Paan- | (r.cm3) | Bokpyr ocu pa K Has
3emnu yCbl nnoc- | Benu- e
Semnu KOCTH | 4uHa*
opouThI
(rpaay-
: Chbl)
| ConHue 1,989-10%° | 332946 | 697 000 | 109,3 1,41 25,380 cyr L -26.,8
| Mepkypuia | 3,302 - 10%® | 0,05271 | 2439,7 | 0,3825 5,42 58,646 cyt 0,00 -0,1
| Berepa | 4,869-10%* | 0,81476 | 6051,8 |0,9488 | 520 |243,019 cyr** | 177,36 | -4,4
’ | 3emnnA 5,974 -102* | 1,00000 | 6378,1 1,0000 5,52 23,934 vac 23,45 e
1 Mapc 6,419-10%° | 0,10745 | 3397,2 0,5326 3,93 24,623 vac 25,19 -2,0
| IOnuTep 1,899-10%7 | 317,94 | 71492 11,209 1,33 9,924 yac 3,13 -2,7
CaTypH 5,685+ 10% | 95,181 60 268 09,4494 0,69 10,656 wac 26,73 0.4
| YpaH 8,683-10% | 14,535 | 25559 4,0073 1,32 17,24 vac** 97,86 Dl
.| HenTyH 1,024-10% | 17,135 | 24746 3,8799 1,64 16,11 yac 28,31 7,8
S * — ana Hanbonblierh 3NoHrauvyM BHYTPEHHUX NNaHeT U cpegHero NpoTWUBOCTO-

AHWA BHELWHWX NNaHerT.

W %

— obpaTHoe BpalleHue.

XAPAKTEPMCTMKMN OPBMT NNAHET

Mnanweta | Bonbwas nonyock JKCLUEeHT- Haknox Nepwop, CuHogu4eckwnit
. . == pUcuUTeT K nnockoctu | obpaweHus nepuoa (cyr.)
i IKNUMTUKA
(rpapychi)
: Mepkypwit | 57,9 0,3871 0,2056 7,004 87,97 cyt 115,9
' Bexepa 108,2 0,7233 0,0068 3,394 224,70 cyt 583,9
3emns 1496 1,0000 0,0167 0,000 365,26 cyT —
| Mapc 2279 1,5237 0,0934 1,850 686,98 cyT 780,0
" |ionwrep | 7783 | 52028 | 0,0483 1,308 11,862 ner 398,9
[ carypn 14294 | 9,5388 0,0560 2488 29,458 net 378.1
| YpaH 2871,0 19,1914 0,0461 0,774 84,01 net 369,7
| Henryw 4504,3 | 30,0611 | 0,0007 1,774 164,79 ner 367,5




XAPAKTEPUCTNKMN HEKOTOPDIX

CMNYTHMKOB NNAHET

CnyTHMK Macca Papguyc | NnoTtHOCTE Paguyc Mepuopg leome- Bnpuman
(kr) (kM) (r/cm?) opbuTtbl | oGpauye- TPUY. 3séagHas
(km) HUS ansbepo | Benu4uHa
(cyr.) (m)*
3emnsa
NyHa 7,348 - 10%2 1738 3,34 384 400 27,32166 0,12 -12,7
Mapc
Poboc 1,08 <18 ~10 2,0 9380 0,31910 0,06 11,3
Heimoc 1,8-10" ~B6 - 23 460 1,26244 0,07 12,4
KOnutep
o 8,94 - 10% 1815 3,55 421 800 1,769138 0,61 5,0
Espona 4,8-10%2 1569 3,01 671 100 3,951181 0,64 5,3
MfaHumen, 1,48 - 10 2631 1,94 1 070 400 | 7,154553 0,42 4,6
Kannucto | 1,08-10% 2400 1,86 1 882 800 | 16,68902 0,20 T
CaTtypH
Tedwa 7.55-10% 530 1,21 294 660 1,887802 0,9 10,2
AunoHa 1,05 102 560 1,43 377 400 2,736915 0,7 10,4
Pen 2,49 102 765 1,33 527 040 4,517500 0,7 9,7
TuTax 1,35+ 10% 2575 1,88 1221 850 | 15,94542 0,21 8,2
Anet 1,88 102 730 1,21 3 560 800 | 79,33018 0,2 ~11,0
YpaH
Mwupaxpa | 6,33-10" 235,8 1,709 129 900 1,413479 0,27 16,3
Apuans 1,7-10% 578,9 1,56 190 900 2,520379 0,34 14,2
Ymbpuane | 1,27+ 102 584,7 1,52 266 000 4,144177 0,18 14,8
Tutanua 3,49 - 102 788,9 1,70 436 300 8,705872 0,27 13,7
Ob6epoH 3,03 107 761,4 1,64 583 500 13,46324 0,24 13,9
HentyH
TpUTOH 2,14 -10% 1350 2,07 354 800 5,87685** Q.7 13,5

*

— ONA NONHONMYHWSA UNW CPeaHero NPOTUBOCTOAHWUA BHELUHWX MJaHeT.
** — oBpaTHOe HanpasneHue BpalLeHUs.



HAMBONEE APKME 3BE3bl
HOYHOro HEBA

HazeaHune O6o3Ha4eHue Mpamoe CxnoHe- 3eéapn- Cnek- Paccro-

B CO3Be3auu BOCXOXAe- Hue, o Has Tpanb- | siHWe, NK
HUe, o BENUYN- HbIA
yac MW - - Ha, m Knacc o

| Cvpuyc o Bonbworo Mca 06 | 45,1 | -16 | 43 -1,46 Al 2,64
~ | Kawonyc o Kuns 06 |240| -52 | 42 | -072 FO 96 &
| Purens ot Llewtaspa (A+B) | 14 | 39,6 | =60 | 50 -0,27 G2+K1 1,34 5
| KenTaypyc '
- | ApkTyp o Bononaca M 157 218 | 11 -0,04 K1 11,2 |
| Bera o Supsi 18 | 36,9 | +38 | 47 | 0,03 AO 7,8 )
| Kanenna o BosHuyero 05 | 16,7 | +46 | 00 0,08 G5 12,9 ?
| Purens B Opuora 05 | 145 | -08 [ 12 | 0,12 B8 260

~ | Npouwon o Manoro Mca 07 | 393 | +05 | 14 | 0,8 F5 3,50
AxepHap o SpupanHa 01 (37,7 | -57 | 14 0,46 B3 43
Betensreitze | o OpuoHa 05 | 55,2 | +07 | 24 0,50 M1 200
| Xapap B Lientaspa 14 | 038 | 60 | 22 | 01 B1 120

| Ananp « Opna 19 | 508 | +08 | 52 | 0,77 A7 5,15
| Anbaebaparn | o Tenbua 04 | 359 | +16 | 31 0,85 K5 20 ¢
| Anrapec & CopnuoHa 16 | 204 -26 | 26 | 0,96 M1 190

| Cnuka o Oesbl 15 25,2 | =11 10 0,98 B1 80

| Nonnykc p Bnuaxeuos 07 | 45,3 | +28 02 1,14 KO 10,3

| domansrayr | o lOxHOM Puibbl 22 57,7 | -29 | 97 1,16 A3 7,66

* | Mumosa B IOxHoro Kpecta | 12 | 47,7 | -59 | 41 1,25 BO 86

Dexeb o Jlebeps 20 | 41,4 | +45 17 125 A2 505

o KOxHoro Kpecra 12 26,6 | -63 06 1,33 BO 98

o JNleBa 10 | 08,4 | +11 58 1,35 B7 23,8




YuebDHOEe U3TJaHUeE

Cepusa «Cghepor 1 —11»

¥YroasHukoB Oner CranucJIaBOBUY
ACTPOHOMUA

3aTauHUK

10—11 kaaccel

YuebHOoe mocobue as1a o61eodpa3oBaTeIbHBIX OPraHU3alnnii
BazoBsIil ypoBeHBb

PyvrkosoguTtens npoexTa «Cheper 1—11» C.I'. Ansvkos
PyxoBogurens Ilenrpa «Chepri» A. B. Cunvanosa
Breinycrkatomuit pegaktop H. H. I'puyenko
XynoxectBeHHEBIHN penakTop HO.C. Aceesa
KomnsilorepHasa séperka f0.C. Aceeagoil
XynoxxecrBeHHOe ohopmnenue C.I'. KyprxuHoil
HOuzaita obnoxku O. B. Ilonosuua, B.A. ITpoxyduHna
Texuuueckuit pegaxrop JI. B. Mapyxho

Koppexrop M.[I'. Boakoaa
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Hanoroeasa nerora — Obuiepoceniicknii KaaccnHKATOD NPOAVKIINH

OK 005-93—953000. Uag. auu. Cepusa M Ne 05824 ot 12.09.01.
IToxnucano B nevats 01.02.18. ®opmar 70x90'/,.. Bymara runorpadcekad.
l'aprutypa PragmaticaC. IleuaTts obcernasa. ¥Yu.-u3g. a. 5,85.

Tupazk 10 000 axa. 3akaz Ne E-346TAT.

AxrnuoHepHoe obmectio « UsgarenseriBo «lIpoceemennes.
127521, Mockea, 3-i1 npoeaa MapeuHOM pouu, 41.

Orneuaraso no 3akaay AO «[loxurpadgTpeiigs».

OrneuaraHo B NOJTHOM COOTBETCTBHH ¢ KAYECTBOM IIPEJOCTABIEHHOTO
OpHrHHAM-MaKeTa B TEnorpadgy dguarana AQ «TATMEIA »

«IITHK «Haen-Ilpeces. 420066, r. Kazass, ya. Herabpucros, 1. 2.



