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BBEJIEHHUE

AcTpoHOMHS ABISIETCSL 00S3aTE€IbHOM JMCLMIUIMHOM JUIA  y4YalluXcs
cpemHuX  00meoOpa3oBaTeNbHBIX  IIKOJ W YUYPEXKICHHM  CPEIHETro
npodeccuonansHoro obOpa3zoBaHus. M3yueHHE OCHOB 3TOW HAyKH MPHU3BAHO
o0ecnieunTh (POPMUPOBAHUE CHUCTEMBI ACTPOHOMUYECKUMX 3HAHUN Ha OCHOBE
COBPEMEHHBIX MPEJICTABIEHUI O CBOMCTBAX U CTPOEHUU HEOECHBIX OOBEKTOB U
BcenenHoii B 1menoM; 0OOCHOBaTh BAaXKHOCTh HAyKH aCTPOHOMHUHU B
IPaKTUYECKOM JAEATEIBHOCTH YEJIOBEUYECTBA U B PA3BUTHHU HAYKU U TEXHOJIOT U
CIIOCOOCTBOBATh PAa3BUTHUIO YMEHUU TNPUMEHATh (PU3NYECKUE 3aKOHBI IS
OOBSCHEHHUS] ACTPOHOMMYECKMX SBJICHHMM M  MPOIECCOB M  pEIICHUs
MPAKTUYECKUX 33/1a4.

Cormacuo  tpeboBanusim  DPI'OC  cpennero  mpodeccroHaTbLHOTO
oOpa3oBaHMsl B IMporpaMMax Y4eOHbIX JAMCLUUIUIMH 3HAYUTENIbHAsg 4YacTb
BPEMEHM OTBOJAMTCS Ha CaMOCTOATEIbHYIO paboTy cryaeHToB. Cneundukxa
TaKOro BUJA ACSITEIbHOCTU 3aKIIOYAETCS B CAMOCTOATEIBHOM IMOMCKE HYXHOM
uH(popmanuu, €€ OCMBICICHUHM, NepepadOTKe, aHalu3e, U B pPE3yJbTare —
dbopmHpoBaHUU cUCTEMBbI 3HaHHUU. [IpU ATOM OYEHBb BaKHO HE TOJIBKO HAYYUTH
CTYJIEHTOB BBINOJHATh BCE YyKa3aHHbIE JCWCTBUS, HO U OLEHHUTh YpPOBEHb
chopMUpOBAHHOCTU 3HAaHUU. JlaHHOE MOcOoOKMe OPraHU30BaHO TAKUM O0pa3oM,
yTOOBI TOMOYb YYallMMCSl Ha BCEX 3TalaX HUX CaMOCTOSTEIbHOM padOThI: OT
noucka UH(pOpMaLMK JO CaMOOLIEHKH YPOBHS C(OOPMUPOBAHHOCTH 3HAHUIA.

KauecTBeHHOMY YCBOEHMIO aCTPOHOMMUYECKHUX 3HAHMHA CHOCOOCTBYET
pelIeHre 3aJad pas3IMYHbIX THIIOB, BBIIIOJIHEHHE NPAKTUYECKUX 3aJaHuil. B
npegiaraéMoM  y4eOHOM TOCOOMM  MpEeNCTaBI€Hbl  BOMNPOCHL,  3aJaHUs,
YOPAKHEHHUST M 3aJadyd 10 BCEM M3y4YaeMbIM TEMaM AacTPOHOMUU — OT
KJIACCUYECKON acCTPOHOMHHM (BUAKUMBIE U JCHCTBUTENbHBIE IBUKEHUSI HEOECHBIX
TeJ, HEOECHbIe KOOPAMHATHI M T.[I.) /0 BHETAJIAKTUYECKOM AaCTPOHOMHUHM H
kocMoyioruu. [IpakTHMKyM COAEpKUT CEMb Ppa3fAelioB, MPUIIOKEHHE CO
CIPABOYHBIMU JTAHHBIMH, CIMCOK JIUTEPATyphl. B Kaxa0M pasnene npuBOIUTCS
KPAaTKUH TEOPETUYECKUM MATEPHUAJI, BKIIOYAOIIMM OINPENEIEHUs BAKHEUIINX
TEPMUHOB M TMOHSATUH, a TaKKe 3aKOHBI M (POPMYJIbI, HEOOXOAUMBIEC IS
pemenus 3aaad. llenecooOpa3Ho mpakTUUeCcKyr0 paboOTy HayaTh C OTBETOB Ha
BOIPOCHI, BBIMOJHEHUS 33aJlaHUN U YHPAKHEHUW, KOTOpPbIE pa3AesieHbl Ha TPH
IPYNIBl CIOKHOCTU: 0a30BbIN, MOBBIIICHHBIA W BbICOKUU. [lepen pemieHuem
3aJa4, KOTOpPbIE TaKXkKe CTPYIMIHUPOBAHBI MO YPOBHSIM CIIOKHOCTH (0a30BbIii,
NOBBIIICHHBI W BBICOKHI), PEKOMEHAYETCS PACCMOTPETh NPHUBEACHHBIE B
MOCOOUU TIPUMEDHI.

B mnocoOue Takxe BOLUIM TNpakTUYeCKHUEe palOOThI, NMPU BBITOJIHEHUU
KOTOPBIX YyYallMecs CMOryT NPUMEHUTh HUMEIOIIHECS y HUX TEOPETUYECKHE
3HaHUS Ha MPAKTUKE. 3aJaHUs COMPOBOXKAAIOTCS MOJPOOHON MHCTPYKLHUEH IO
UX BBIMOJHEHUIO, YTO MO3BOJIAET CTYACHTaM padOTaTh CaMOCTOSATEIbHO, B TOM
YKCJI€ U BHE ayJAUTOPHBIX 3aHITHM.



MHorue  BOMpOCH,  3aJayd,  3aJaHUS  T[PaKTUKyMa  HMEIOT
MEXKTPEAMETHBIN XapakTep: s WX BBINOJHCHHS YYallUMCS TOTPEOYIOTCS
3HaHWs, TIOJyYEeHHBIC Ha ypoKax (U3WKH, reorpaduu, OHOJIOTHH, TEOMETPHUH.
Kpome Toro, Gosblioe BHHUMaHHE yaenseTcs (HOPMHUPOBAHHMIO W Pa3BUTHIO
METaNpeMETHBIX YMEHHUH: UCTIOIB30BAHUIO PA3JIMUHBIX 3HAKOBBIX CHCTEM JIJISI
perieHus IpoOIeMbl, TPEOOPA30BAHUIO MOJIEICH M3 OAHOW 3HAKOBOW CUCTEMBI B
Ipyrue, ToucKy uHbopMaluu, €€ HHTEPIPEeTaluy, OLICHUBAHUIO TOCTOBEPHOCTH
uHbOpMaAllMd ¥ TOJYYCHHBIX PE3yJIbTAaTOB, aHaJU3y pe3yidbTaTOB U
dbopMynupoBKe BHIBOJOB U T.N. YacTh paboT mpeamnonaraet paboTy B rpymnmnax
U3 JABYX-TpEX M Oosee dyenoBek. OcobOe BHUMAHHWE PEKOMEHIIYEM YAEIUTH
0OCYKICHHUIO TIOTYYEHHBIX PE3yIbTaTOB.

CrpaBouHbIC NaHHBIC, MPUBEACHHBIE B [IpUIOXKEHUH, MOTYT MOMOYL B
pemieHnn 3aiad cOOpHUMKA M BBINOJHEHUM IMpaKkTU4YeCKUX 3afaHuid. [lpum
pEelIeHHH  HEKOTOpPhIX  3adady  TpeOyeTcsi  HCIOJIb30BATh  pPa3IMUHbIE
ACTPOHOMUYECKHUE BEIMYUHBI, KOTOPHIE MOTYT ObITh HE NPUBEJIEHBI B YCIOBUU
3agaun. [Ipennonaraercs, 4Tto ydamiyecs: 3HalOT 3HAUEHUS ATUX BEJIWYHUH, JHO0
JIETKO MOTyT HaiiTh ux B [Ipunokenun uinm apyrux ucrounukax. [Ipu pemenun
KOJIMYECTBEHHBIX 3a/lad  OTBEThl PEKOMEHIyeTcs OKpyriaTh. OOpaTtute
BHUMaHHUE, YTO B Pa3HbIX CIPAaBOYHUKAX U yUYeOHMKAxX 3HAYCHHS] HEKOTOPHIX
BEJIMYMH UMEIOT HECKOJBKO Pa3INMyaloNIUecs 3HAYCHHUS, YTO MOXKET MPUBECTH K
MOJTyYEHUIO BAPUATUBHBIX PE3yIbTATOB.

BrinonHenne pabOT NpakTUKyMa, € OAHOW CTOPOHBI, CHOCOOCTBYET
YCIICITHOMY YCBOEHUIO Kypca aCTpPOHOMUHU B COOTBETCTBHH C MPOTPaMMOii, a C
IpYrol CTOpoHbl — Oozee TiyOOKOMYy TOHHMMAaHUIO HW3YYEHHBIX (aKTOB,
pacuupsieT Kpyro3op CTYJCHTOB, CIOCOOCTBYeT (POpMHpPOBAHUIO YMCHHH M
HaBBIKOB PaOOTHI B TPYIIIIE.

[TocoOue OymeT MOJE3HO yYalIuMCs, KOTOPHIM OHO TOMOXET Jydlle
U3YYUTh U TOHATH ACTPOHOMMIO, @ TAKXK€ YUWUTEISIM U MpernojaBaTessiM s
OopraHu3aly y4eOHOoro mporecca.

XKemnaem ycriexoB B OBJNaJICHUU 3HAHUSIMH M B MIO3HAHWU O€3rpaHUYHON U
3arajnioyHoil Beenennoi!



1. BBEAEHUE B ACTPOHOMHUIO
OcHOBHBIE IOHATHS, 3aKOHBI H (POPMYJIbI

ACTpOHOMHYECKHE OO0BEeKTbI — O5TO OOBEKTBl E€CTECTBECHHOTO
MPOUCXOXKJICHUsI, KOTOpPhIE HaXoIATca 3a mpenenamu atMmochepsl 3emmm. K
aCTPOHOMHUYECKUM OOBCKTaM OTHOCSTCS: BEIICCTBO (ra3 W IbLIb), HEOSCHEIC,
WM KOCMUYECKHe, Tena (ITJIaHEThl, CIyTHUKH TUIAHET, aCTePOWIBI, KOMETHI,
METEOPOU/IBI, 3BE3TBI HA PA3HBIX 3TAIAX MX KU3HHU) U UX COBOKYITHOCTH.

BemecTtBo (Ta3, mbUIb), DJIEKTPOMAarHUTHOE W3IYyYE€HHE W MAarHUTHBIC
TIOJISI, 3aTOJHSIONIAE MTPOCTPAHCTBO MEXKAY 3BE3IaMH B rajaKTUKaX, HA3BIBAIOT
mex3Bé3aHoi cpenoit (M3C). CocraB BemectBa M3C: ra3z (~89% Bomopona,
~9% remus, ~2% cocTaBisAOT 0o0Jiee TSHKEIbIC BJIEMEHTHI); MBUTh (aTOMBI H
MOJIEKYJIbI TSDKENBIX 2JIEMEHTOB) — He MeHee 1% oT maccel raza. [LnoTHOCTB
BemectBa M3C cocTaBisieT OT HECKOJBKUX ThICSY /IO HECKOJBKUX COTEH
MUJUTMOHOB YacTHI] B KyOUYECKOM METpeE.

HebGecHbie Tena o0pa3yrOT CHCTEMBbI pPa3jIM4YHONM CTENEHU HEPAPXUU:
IUTAHETHBIE CHUCTEMBI, 3BE3/IHbIE CKOTUICHHUSI, TAIAKTUKU, CKOIUICHUS TajaKTHK,
CBEPXCKOTUICHUS TajakTUK, MeTarajgakTuka.

MeTarajlakTHKOM ~ Ha3bIBalOT  JIOCTYMHYIO  HAOJIOJEHUSM  4YacTh

Bcenennoii. BceseHHassi — 3TO Bech 0€3rpaHUYHO MPOCTHPAIOIIUKCS
MaTepUAIbHBIA MUP, UHBIMH CIIOBAMH — BCE, UTO HAC OKPYXKAET.
«Kocmuueckuiny» agpec 3emnnm — ConHeyHas CHCTEMA, TalaKTHKa

Mneunsii myth, MecTHas rpynna ranaktuk, CsepxckoruieHue JleBbl,
Bcenennasi.

OCHOBHBIM METOJIOM aCTPOHOMHUM SBIIIETCS HaOJoaeHue. PaszButue
ACTPOHOMHUU CBS3aHO C COBEPIICHCTBOBAHWEM aIlllapaTHOW 0a3bl U TEXHUKU
HAOJNIONICHUM, a TakKe C BO3MOXKHOCTSIMU HMHTEPIIPETAIIUU PE3YJIhTATOB.
CeromHst acTpOHOMHsSI CTajla BCEBOJHOBOW: HAONIOJIEHUS KOCMHYECKHUX
O0OBEKTOB MPOBOASTCS B BHAMUMOM (ONTHYECKOM), HHGpPaKpacHOM, pajuo,
PEHTI€HOBCKOM W Tamma jauana3zoHax. CoBpeMeHHas MPUHUMAIOIIAsT TEXHHUKA
CIOCOOHA «IOMITYYHO» PETUCTPUPOBATH CBETOBBIC KBAHTHI.

AcCTpoHOMHMYECKAs eIUHHUIA (a.€.) — ITO CpeHEEe PACCTOSHUE MEXIY
neaTpamu 3emun 1 Cosaila, paBaoe mpumepro 150 000 000 km.

28-1 T'enepanpHas accambiies MeXIyYHApOIHOTO aACTPOHOMHUYECKOTO
cotoza (MAC) B centsi6pe 2012 roga npeasioxkusaa CYUTaTh.

1 a.e. =149 600 000 xm.
Taxke OBUIO TPHHATH  PEIICHWE  CTAHAAPTU30BAaTh  MEXKIYHAPOIHOEC
0003HaYCHNE aCTPOHOMUYECKON STUHUIIBI: «au.

CgeToBOIi 107 (CB.I.) — 3TO PacCTOSAHUE, HA KOTOPOE CBET OT UCTOUYHHUKA
yaanmutcsi 3a 1 roa. 1 cB.r. <9,5- 10*? kM.

[Ipu omxHOBpeMEHHOM HAOIIOIEHUA KOCMHUYECKOTO OOBEKTa M3 JBYX
yIaNEHHBIX Ha OOJBIIOE PACCTOSHUE TOUYEK BO3HHKACT KAXYIIEeCs CMEIICHUE
3TOro0 O00BEKTa Ha HeOEe, KOTOPOE€ HAa3bIBACTCS MNAPAJLUIAKTHYECKUM
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cMemleHneM. BenuunHa — mapalyIakTUYECKOTO — CMEIEHUS — Ha3bIBaeTcs
NapaJJIaKCOM.

l'ognyHbIM Mapa/uIakcoM p  Ha3bIBAIOT YIoOJ, MO KOTOPBIM C
yAaNEHHOTO 00beKTa ObLII Obl BUJEH MEPHEHIANKYISIPHBIN JTy4dy 3peHHS painycC
opoutel 3emmu (puc. 1.1). UYem panpiie oT HabmomaTedss pPacmoOXKEH
KOCMHUYECKUM O0BEKT, TEM MEHBIIIE €r0 TOAUYHBIN mapaiiakc.

Jlpyroe Ha3zBaHHME€ TOJMYHOIO TMapajylakca — TOPU30HTAJIbHBIN
IKBATOPHUATBbHBII MapajlJIaKc.

IMapcek (1K) — paccTosiHWE, Ha KOTOPOM 3Be3la MMelna Obl Mmapajuiakc,
paBHBIA OJHOW yIJIOBOM CeKyHnae. Hasanme «mapcex» MpPOUCXOAHUT OT
«napainnakc B cekynaax». 1 nk = 3,0863 - 10 kM.

3Has mapajutakc HeOECHOro O0OBEeKTa, MOKHO BBIYUCIUTH paccTtosinue D

1o wero (Puc.1.1): D=i [1.1].

sinp
[Tapannakcel P HEOECHBIX OOBEKTOB OUYEHb MaJbl, TMOITOMY MOXKHO
CUMTATh SIN P = P, TJIe P BEIpAXKEH B pajHaHax.
BcnomuuM: panuaH — eQuHUIIA  HW3MEPEHMsS] IUIOCKUX YIJIOB B
Mexaynaponnoi cuctreme enunuil (CHM). Yron B 1 paguan cooTBETCTBYET JyTe,
JUTMHA KOTOPOM paBHA pagnyCy OKPYKHOCTH.

T .Jemn,v £ PG -'N\\m\\
p \I Jﬁ/lUJK a8 5 | _““Ex\IH-I'IJaHETa
n 38esda ' | d
Pucynok 1.2 Beruncnenue
Pucynok 1.1 Cxema roguuHoro napaniakca PAacCTOSTHUM C UCIIOJIB30BAHUEM

Iapajjiakca

®opmyiy [1.1] MOXHO yIPOCTUTH, UCIIONB3YsI SIN P =~ P U BhIpa3uB P B
YIJIOBBIX CEKYHIAX:

D= —206%65 a [1.2]
P
Tak kak paccrosaue D, cooTBerctByromee mnapawiakcy p = 1", mo
OMpeIeJICHUIO paBHO | mapcek, To B mapceKkax pacCTOSHUE BBIYUCIISIETCS KakK
D=L [1.3]
p



[Tapannakcel 3BE3A OYEHb Mallbl: J@xe JJIs  OMKalmmx 3BE3N
MapajuIaKChbl MEHbIIIE OJJTHOM YTIIOBOM CEKYHIBI.

Jns onpenenenus pacctossHui 10 Tesl COTHEYHON CUCTEMBI UCOJIB3YIOT
MeETOJ TOPHM30HTAJBHOI0 MNAPAJIAKCA, KOTOPBIA MPEIJIOKUI TPEUECKUN
mateMatuk EBkiug (okoso 300 r. mo H.3.). [IpowsmtocTpupyeM 3TOT METOJ Ha
npumepe. Ilycte TpeOyercss HailTm paccTossHMe [0 TUaHeThl. Jljig 3Toro
POM3BOAMM HAOIIOJICHUE ITON IJIAHETHI U3 JIByX MECT 3€MHOU MOBEPXHOCTH,
HaXOAIIMXCS JAJIEKO APYT OT Jpyra (COTHH, a Jy4lle ThICA4n KHmiIoMeTpoB). Ha
puc. 1.2 310 Touku A u B, paccrosHue MeXIy KOTOPBIMH (€r0 Ha3bIBAIOT
0a30ii) Ham m3BeCTHO M paBHO D. Uepe3 Touku A u B mocTponm OKpy»KHOCTH, B
LEHTPE KOTOPOW HAaXOAUTCSA MCKOMas IutaHera. OmnpezaenseM ropu30HTaIbHBIN
napajjlakc IUTaHeThl p u3 HaOmoJeHud. UTOOBI BBIYMCIWUTH PACCTOSHUE [0
iaHetel 0, coctaBuM oTHOmIeHHe: 0aza AB oTHOcUTCS K JIMHE OOJBIION
OKPYXHOCTH Kak IMapajuiakc (BbIpaKEHHBIA B Ipajycax) K MOJIHOMY 000pOTY B

0 b P
360°), T.c. = ,
rpaaycax ( ), T.€ > 360
OTKyJia d= b(36(:)/272’) [1.4]

Vron 360°/2zr ~ 57,3° mo ompenencuuio paBeH | pagwan. 1 paguaH paBeH
206265". Ecnu mapaiiakc u3MepsieTcss B YIJIOBBIX eIWHUIAX (yrioBas MUHYTA,
CEKYHJIa), TO

d —p 206265 [1.5]

p

3Has paccTosiHue 710 00bekTa d ¥ U3MEPHB y2106801 duamemp ¢ o0ObEKTa,
MO>KHO paccuuTath ero nuHerHbIi nuametp D (Puc. 1.3):

D % % . q.? [1.6]

— = D= ) =-qd -
27d  360° i360°/27zi 57,3

HabmOOaTeTE
f———"_ | YINOEOi mIamMetp
- S T —
360 isEecTHOE s
HCHOMBIT
PACCTOAHIE OO0 maneTp
obBexrTa

Pucynox 1.3 Omnpenenenne TMHEHHBIX pa3MEPOB YAATEHHOTO 00BEKTa
Bonpocsl, 3a1aHus U ynpaKHeHU s
ba30Bblii ypoBeHb CJI05KHOCTH

1.1. Tlepeuncnure acTpoHOMHUYECKHE OOBEKTHI, KOTOPHIE MOXHO HaOIIONaTh
HEBOOPYKEHHBIM TJ1a30M (HEe MeHee 5).



1.2. Jlns dero JapeBHHME JOAM HaOmomanIu 3a HEOECHBIMHM OOBEKTaMH?
[IpuBenuTe mnpuMepsl MPAKTUYECKUX 3a7ad, KOTOpPhlE B JPEBHHE BpEMEHA
peliany JI01 ¢ TOMOUIBIO0 STUX HAOIIOICHUH.

1.3. TlepeuucnuTe acTpPOHOMHUYECKHE SBJICHUS, KOTOpbIe BBl HaOIOIaTU
CIEIUATbHO UM HEBOJIBHO XOTs ObI pa3 B JKU3HHU.

1.4. JlaiiTe ompenereHUEe €AUHHUIIAM H3MEPEHUs PACCTOSIHUM B aCTPOHOMMUM.
BrIpa3urte cBETOBOM rojl M MapceK B ACTPOHOMUYECKUX €IMHULIAX.

1.5. Yro Oonblie: cBETOBOW Ioj WM mapcek? Breipa3ute cBETOBOW IOl B
NapCceKax M MapceK B CBETOBBIX IOJaxX.

1.6. B kakux eauHuLax yaoOHO u3MepATh paccTrosiHusA: a) B CoJIHEUHOU
cucteme; 0) 10 3BE3/; B) 10 TATaKTUK?

1.7. Ha3oBuTe OCHOBHOW METOJ MCCIIEOBAaHUS ACTPOHOMHUYECKUX OOBEKTOB.
Mo>KHO 11 TPOBECTH aCTPOHOMHUUYECKHE IKCIIEpUMEHTHI? OTBET 000CHYHTE.

1.8. M0HO 7T CUMTATh acTPOJIOTHIO Haykoi? OTBET 000CHYHTE.

1.9. ITouemy COBpEMEHHYIO aCTPOHOMHUIO Ha3bIBAIOT BCEBOJIHOBOM?

IoBbILICHHBIA YPOBEHb CJIOKHOCTH

1.10. B 1675 rony yuénbit u3 Januu Onad Pemep nabmroman 3a 3aTMEHUSIMU
cnytHukoB IOmnutepa. Kakue BBIBOABI M BBIYHCICHUS CHAeNajd YYEHBIA IO
pe3yabTataM HaOIOeHUN?

1.11. Kakoit xumMu4eckuil 31eMeHT ObLT BIiepBbie 00HapykeH B koHIe XIX Beka
B X0JI€ aCTPOHOMUYECKUX HAOJIIOICHUI?

1.12. IlpuBemuTe TpPUMEPHl  ACTPOHOMHUYECKHUX  OTKDPBITHH, KOTOPHIC
UCIIONB3YIOTCS B a) (usuke; O0) XuMuu; B) reodusuke; T) TEOJOTHH,
1) O6uwojoruu; €) MeauimHe. B kakux emé HaykaxX HCIOJB3YIOTCS Pe3yNbTaThl
ACTPOHOMHUYECKHUX HCCIIEIOBAaHUI?

1.13. TIlepeuucnaute 3amauyd acTPOHOMHH, PEIHICHUS KOTOPBHIX HMMEIOT
MIPAKTUYECKOE MPUMEHEHNE B KOHKPETHBIX (YKXKHUTE, KaKUX UMEHHO) 00JIacTsIX
HAyKH, TEXHUKHU U TIPOU3BOJICTBA.

1.14. Ucnonb3ys [Ipunoxxkenue u pecypcobl IHTEpHET, 3aM0IHUTE TaOIUILY.

OO0BEKT Paccrosaue ot 3emin

KM CB.C/CB.MUH/CB.T. K

Jlyna

Mapc

Counniie

IInyTOH

Cupuyc

I"anakTka AHnpomMena

1.15. Ilepeuncnure TpeOOBaHUS K MECTy, IJI€ MOXHO ObLJIO OBl MOCTPOUTH
aCTPOHOMHUYECKYIO 00CEPBATOPHUIO.




1.16. 3adyem HyXHBI KOCMUYeckue oOcepBaropuu? Ha3oBuTe H3BECTHBIE Bam
KOCMUYECKHE TEJIECKOMNbl W JIMalla30Hbl 3JEKTPOMArHUTHOIO U3JyYEHHUs, B
KOTOPBIX OHU pabOTAaIOT.

1.17. C ™MoOMeHTa CBOET0 BO3HMKHOBEHHS aCTPOHOMHSI CTHUMYJIUpPOBaJa
pa3BuTHe Apyrux Hayk. [Ipomormkaercs M 3TOT MPOIECC B HACTOSIIEE BpEeMsi?
[IpuBenuTe NpUMEPBI.

Bricokuii ypoBeHb CJI0KHOCTH

1.18. 3anumure «KOCMUYECKUHN aapecy MIaHeTsl Mapc.

1.19. HabmoneHuss — OCHOBHOM MeTOj] acTpoHOMHH. [103TOMY pasBuTHe 3TOMH
HAyKH CBSI3aHO C COBEPILIECHCTBOBAHHEM TEXHUKU HAONIONECHUMN: MPUOOPOB IS
HAOIOICHNI, METOIOB PETUCTPALMU H3IYUYCHHs], pa3BUTHEM (PUBUUECKUX
Teopuid. [10J10)KMB B OCHOBY TEXHUKY HAOJIOJICHUNA M WX PE3YJIbTATUBHOCTD,
BBIJICJIUTE ATAIbl B UCTOPUM PA3BUTHUSL ACTPOHOMHUHU U YKKHUTE UX MPUMEPHYIO
IPOAOIKUTEIBHOCTb.

1.20. B 1 mapceke 206265 actpoHOMUYECKUX eIUHMUIL, a 1 paguan paBen 206265
yraoBeIX MUHYT. CiiyudaiiHO Jin 3T0 coBnajieHne? OTBET MOsSCHUTE.

IIpumeps! penienus 3agay

IIpumep 1.1. PaccrosHue Mexay aByMs actpoHomamu 1000  kwm.
OpnoBpemenHo HaOmomas JlyHy, onm ompenmenuam e€ mapamiake p = 9,0
Beraucnure paccrosame a0 JIyHBI, TPUHSB, YTO JIMHUSA, COCIUHSIOIIAS
aCTPOHOMOB, TMIEPIIECHANKYJIISIPHA HaMpaBieHnto Ha JIyHy.

Pemenne. Boipa3um napajuiakce B rpagycax:

p=9,0=0.15°
Ucnonb3ys popmyany (1.4), Haxogum
51,3

d =1000x =382000xm
0,15

MoxHO ucroib30BaTh Gopmyny (5), HO Toraa HYXHO BBIPa3UTh MapajlIakC B
YTJIOBBIX CEKYHJIAX:
p=90=540"; d :1000-% =381972km
940

bonee TouHbIE MCCIENOBaHNS YCTAaHOBWIIH, YTO CPEAHEE PACCTOSHHUE IO
JIynel coctaBnsier 384000 km.
IIpumep 1.2. VYrioBod auameTp JIyHHOTO JMCKa paBeH MpuMepHo 32
Onpenenure nuHENHbIN AuameTtp JIyHBI.

Pemenne. Vcmonn3yem popmyny D =d 360("0 22)’ ¢ =32"~0,5

D =384000- 05
57

= 3350xm

bonee Tounsie nzmepenus auamerpa Jlynsl nanu pezynbrtaT 3476 KM.



3agaum 60a30BOr0 YPOBHS CJI0KHOCTH

1.21. Korga KOnuTep HaxomuTcs Ha paccTOSHUM 628 MIIH. KM OT 3eMJIH, €ro
yriaoBoil nuametrp paseH 47".2. Onpenenute JHUHEHHBIM panuyc FOmwurepa.
CpaBHUTE MTOTYYEHHBIN PE3ybTaT ¢ TAOJTMYHBIM 3HAUYCHUEM.

1.22. Jluneiinsiii paguyc Benepsl paBen 0,95 3emuoro paauyca. Korma Benepa
OJIM>Ke BCEro MOJAXOAUT K 3emiie, e€ yriioBoi paauyc paseH 32".4. Onpenenure
HaWMEHbIIIEe paccTosiHUE OT 3eMiu 10 Benepsl.

1.23. Bprunciute TOpU3OHTAIbHBIE 3KBATOPHAIBHBIC Tapajilakchl JIyHBI 1S
MOMEHTOB, KOTJla OHa HaxoauTcs Ha Ommkaimem (356 410 kM), HauOOJIbIIEM
(406 740 xm) u cpennem (384 000 kM) reolEHTPUUYECKOM paccTossHuU. [Ipumure
HKBATOPHUAIBHBIA paanyc 3eMJIH paBHBIM 6 378 KM.

1.24. JlaBaiite nodantazupyem. Ha obmexutus EI'Y um. U.A. bynuna
YCTAaHOBWJIM MOIIHEWIINA UCTOYHUK CcBeTa. Jl0 KakuX W3 MPUBEIACHHBIX HHXKE
MYHKTOB CMOT' PAaCIPOCTPAHUTHCS CBET 3a OJHY MUHYTY: 10 MockBbl (~356
kM); 1o [Tapuxa (~2550 km); no Keiinrayna (mpumepno 10 000 km); no JlyHsl
(384 000 km); mo Benepsr (45 000 000 xkm)?

33)13‘11/1 MOBBLIIECHHOI'O YPOBHA CJIOKHOCTHU

1.25. Paccesnnoe 3B&3aH0¢ ckorienue Ilnesanr yaaneno ot 3emnu Ha 130 mk.
Ero Bunumeie pazmepsl Ha HeOe cocTaBisitoT npuMepHo 110’ Ouenure quamerp
ATOTO CKOILICHHS.

1.26. Ouenute, BO ckonbko pa3 Jlyna mMensiie CoJiHIIA, €CIM UX YIJIOBBIC
JTMaMETPhl OJTMHAKOBBI, 2 TOPU3OHTATBHBIC MAPATIIIAKCHI COOTBETCTBEHHO PABHBI
57"'u 8,8"7

1.27. Cger ot 3Be3a61 Purens (f Opuona) uaet k 3emiue 772,9 ner. Onpenenure
3Ha4Y€HUE TOJIMYHOTIO Mapajiakca y 38e3/bl Purers.

1.28. TlepBas 3Be3m1a Haxonutcs ot ComHIa Ha paccTostHUM 60 K, BTOpas — Ha
2-10% a.e., mapamnakc Tpetbeii pasen 0,01", cBET OT YeTBEPTOI MyTEIIECTBYET
no Comnna 200 net. Pacnonoxkute 3Be3Abl OT camoi OmmkHer k CoJHIy A0
caMoOH Jaj€KOH OT HETO.

3agauM BHICOKOIO YPOBHS CJIOKHOCTH

1.29. Vzmepenus mokasaid, 4To COOCTBEHHOE JIBIIKEHHE 3BE3/bI paBHO 1"/rof,
MPUYEM PACCTOSIHUE JI0 3BE31bl HE MeHseTca. KakoBa CKOpPOCTb IBUKEHUS
3BE3/Ibl B POCTPAHCTBE, €CIIA PACCTOsIHKE /10 Hee paBHO 10 mk?

1.30. (BOI, 2016 r, Mynunmmanbnbii dtam, T. Jlumenk) KoioHUCTHI,
ocBauBarolue Mapc, pelnin onpeesiuTh «MapCUaHCKYI0» aCTPOHOMHYECKYIO
CAVHUITy B TepMUHAX opOuThl Mapca. «MapcuaHCKui» MapceKk KOJIOHUCTHI
OTIPENICIIUIIN UACHTUYHO OIPECICHUIO TMapCeKa, KOTOPHIM MbI TMOJIb3yeMCH.
CKOJIbKO «MapCHUaHCKUX» aCTPOHOMHUYECKHX €IWHHUI] B «MapCHAHCKOM)
napceke? CKOJBKO «3€MHBIX» ACTPOHOMHYECKUX EIUHMI] B «MapCHaAHCKOM)
napceke? CKOJNBKO «3€MHBIX» MTAPCEKOB B «MApCHUAHCKOM» Tapceke?
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2. ACTPOMETPUA
OcHOBHBIE IOHATHS, 3aKOHBI H (POPMYJIbI

HabGmrogenust mokas3blBaroT, YTO B3aMMHOE PACIIOJIOKEHUE 3BE3]] HA HeOe
MEHSAETCS OYEHb MEIJICHHO, a I03TOMY HX TIOJIO)KEHHE MOKHO CUUTATh
HEeUM3MEeHHBbIM. /[l yao00CcTBa OpPUEHTUPOBAHHS C JPEBHUX BPEMEH JIIOAU
OOBEIUHSIIN SIPKUE 3BE3BI B CO3BE3THUSI.

B 1928 romy MexnyHapoauelii actpoHomuueckuii cow3 (MAC)
omnpeaenwii 88 OPUIMATBEHO PA3NUYUMBIX co3Be3nuid. Takum oOpasom, B
HACTOSIIIIEE BPEMsSI CO3BEe3AUAl — 3TO YYACTKHU, HA KOTOPBIE pa3jerneHa HeOecHas
chepa mms ymoOCTBa OpHEHTHpOBaHWS Ha 3BE3mMHOM HeOe. To, dro panee
Ha3bIBAIM CO3BE3/IMEM — XOPOIIO Pa3IMuMMyI0 Ha HOYHOM HeOe TPYIIy 3Be3,
MMEIOUTYI0 UCTOPUYECKHU CIIOKUBIIIEECS YCTOMYMBOE UM — CE€HYac MPaBUIBHO
Ha3bIBaTh ACTePU3M. ACTEpPU3M MOTYT COCTAaBIIATH 3BE3bl KaK OJHOTO, TaK W
HECKOJIbKUX COCEIHUX CO3BE3IUN.

HebGecnas cdepa Bpariaercss BOKpYT 0CM MHUpPa — BOOOpaykaeMoil JTMHUH,
nepecekaronieil cgepy B TOYKAX, HA3bIBAEMBIX CeBePHBIM P U 10KHBIM P
nojrocamu mupa. BOmusu ceBepHoro momtoca mupa Haxoautces llonspHas
3Be3ga. Och MHpa mapajuiesibHa OCH BpauieHus 3emiuu. [1lo ananoruum ¢ 3eMHbIM
DKBATOPOM OIPEAEIAIOT HeOeCHbINH IKBATOP.

Bunumoe Bpamienne HeOecHOM cephl ABISIETCS OTPAKEHHUEM CYTOUYHOIO
BpallleHusi 3emMuid. 3eMJis BpallaeTcs ¢ 3amaja Ha BOCTOK (MPOTHUB YacOBOM
CTPEJIKH, €CITM CMOTPETh C CEBEPHOIO IMOJIIoca 3€MIIM), BUIMMOE BpAIllCHHE
HeOeCHOM c(epbl MPOUCXOIUT C BOCTOKA Ha 3amaj (10 4acOBOM CTpeNKe s
HaOmoaTens, Haxosmerocs B CeBepHOM MOJTyIIapuu 3eMIIH ).

B Tteuenue roma ComnHile cMemaeTcss OTHOCUTENIBHO 3BE3J C 3amaja Ha
BOCTOK, JIBUTAsCh BJOJb JIMHUM JKJIUNTHKUA. OTO BUIUMOE TOAUYHOE
NBIDKEHUE SIBIAECTCS OTpakeHwem oOpamienuss 3emiu  Bokpyr ComHia.
OKJIUIITAKA SIBJIAETCS MPOCKIMEH 3eMHOM opOuThl Ha HeOecHyio chepy. 3a
Kaxaple CyTkn COJHIIE MPOXOAUT OKOJIO 1°, mepemeniasch no 30AMaKaJbHbIM
co3Be3qusimM (Puc. 2.1), GONBIIMHCTBO M3 KOTOPHIX Ha3BaHBI B YECTh PA3IMIHBIX
YKABOTHBIX.

[170CKOCTh AKIUTITUKHA TIEPECEKAETCS C TIIOCKOCThI0 HEOECHOTO 9KBATOPa
nox yriaom 23,4°, TOYKH HepecedeHus Has3bIBalOT ToYKamMu Becenmnero (Y) u

ocenHero (<X) pasuoaencruii (Puc. 2.2, 0).

JBwxenue JlyHel Ha QoHe 3BE3J MNPOUCXOAUT MPOTUBOIOIOKHO
CYTOYHOMY BpalleHHio HeOecHOM ceprl — ¢ 3amaga Ha BocToK. OHO sIBIsETCS
CJIEICTBHEM JEUCTBUTENBHOTO ABMXKEHUS JIyHbl BOKpyr 3emuu. Pa3bl JIyHbl —
W3MEHEHHE €€ BHEIIHETO BUJA — IPOUCXONAT H3-3a IepeMelleHus JIyHsl
oTHOCUTENbHO 3eMii U CoJTHIIA.

Touku Bocxona u 3axona ConHua u JIyHbl H3MEHSAIOT CBOE MOJIOKEHUE B
TE€YEHUE IoJ1a, U TOJBKO ABaXAbl B T0J COJHIE BOCXOIUT U 3aXOJUT TOYHO B
TOYKaxX BOCTOKa M 3amafa. MeHseTcs W BpeMs BOCXOJa M 3aX0l1a, TO €CTh

11



MPOIOJIKUTEILHOCTh CYTOK. EMHUIIBI cuéTa BpeMeHU — CYTKU, TOJ] — CBSI3aHBI C
BUJIUMBIM JIBHKeHrueM CoutHIa.

Comae HaxoguTCA 30eCh

21 mapta
-y OmeH | Pribu Eononeﬁ
& \‘x..,; ‘_v_,..-'{”‘_- » 2 1.03 rf ""w_,_,_} , )
Tenen 2104/ A I 21.02 /5§ Kozepor
Coymue HaxomuICA ‘ ¢ R e G,
amecs 21 Mag ity - s o A ALY
3105 . st10 219 ¥ 908 I
Bmﬁﬁgum L2111 ; o 2
‘(’f S ] e 2107
_‘7 ~ 2112 /V( s # \
aKTHYECKoe ‘ St
P 21.01 _ monoxenue 3eMim Ha opbuTe g gy
’ b i, — 21.05 & Crpenen
2107 % 21.02 21.04 N
A o ; 2103 2L §26 2111
I;ax 31081 ,:i’” b § TS TR R SRR /‘/:‘T\\‘:L_ F 21.10 f @
B - TR Ak T h
r 5% / B \/.__._7_' Ot A B
d e X = Becu
Commlle HAXOOHTCA  J[ep 21.09 M | ) Cxoprmion
3meck 21 aBrycra Teea o

Pucynok 2.1 Bunumoe roguunoe asmxenue ConHua

JUis  u3ydeHus BHJIMMOTO pAacHOJOXKEHUS W JBWKEHUS HEOECHBIX
OOBEKTOB MCIIOJIb3YIOT CHCTEMbI KOOPAMHAT.

OCHOBHO# IJIOCKOCTbIO TOPHM30HTAJBLHOM cHcTeMbl koopauHaTt (Puc.
2.2, a) sIBISETCS MJIOCKOCTh MATEMATHYECKOr0 ropu3oHTa. KoopuHaTel: BbI-
cora h cBeTia Haj ropu3oHTOM (1I0J00HA reorpad@UIecKOl IMUPOTE) U aA3UMYT
A (aHamornuHa reorpaduuecKkoil 10aroTe).

B »kBaropmanbHoii cucreme koopauHat (Puc. 2.2, 6) ocHoBHas
TUTIOCKOCTH OIpeniessieTcsl HeGeCcHbIM IKBATOPOoM. KoopanHatel: ckJIOHeHUe J
(anayor reorpaduveckoil MIMPOTHI) U MPSIMOE BOCXOKIEeHHE @ (AaHAIOTUYHA
reorpauyeckoi AOJTOTE).

Boicoma hp nonwca mupa nao zopuzonmom pasuna zeozpaghuueckoii
wupome mecma HabIOO0EHUA (.

B cBOEM CyTOYHOM JABM)KEHHUHU CBETHJIO JBUXKETCS ¢ BOCTOKA Ha 3amal,
MOCTENIEHHO MOJAHUMASACh HaJl TOPU30HTOM, MOKA HE JOCTUTHET MaKCHUMAaJIbHOM
BBICOTHI — KyJbMUHAUMu. Jlnsg HaOmonparens, Haxonsdumero B CeBepHOM
HOJTyIIapuu 3eMJIH, CBETHIIa KyJbMUHUPYIOT TOYHO HAJl TOUKOH I0Ta, a JKUTEIH
I0’KHOTO TOJTyIIapusi HAOMIOAAI0T KyJIbMUHAIIMU HaJl TOUYKOH ceBepa.

3Has MMPOTY MecTa HAOIIOJIEHUS @ U CKIOHEHHE J HEOECHOro OOBEKTa,
MOKHO OIPENETUTh €r0 BBICOTY HaJ TOPU30HTOM B MOMEHT KyJbMHUHAIUH.
Ecmu 6 < ¢, 00BEKT KyTbMUHUPYET K IOTY OT 3€HHTA, €T0 BBICOTA B BEPXHEM
KyJIbMUHAIINH

h, =90°— ¢ + 6 [2.1]
12



Ecnu 0 > ¢, 00beKT KyJIbMUHHUPYET K CEBEPY OT 3€HUTA, €r0 BhICOTA
h,=90°+¢p -0 [2.2]

B Hm>xHEN KyJIbMUHALIUA
h,=-90°+¢ +0 [2.3]

N

Pucynoxk 2.2. CI/ICTGMI)IaH€6eCHI>IX KOOpJMHAT: a — TOPU30HTAJIbHAS, O — SKBAaTOPHAJIbHAS.

B 3aBUCMMOCTHM OT CKJIOHEHHS CBETWIA MOXHO pa3JCIUTh Ha TpPHU
TPYIIIBL: Hezaxoosauue, Heeocxoosauue, 80CX00sauue U 3axoosaujue 3Be31bl.

Ha nanHOM mmpoTte ¢ Kaxkaas 3B€3]1a BCEra KyJIbMUHUPYET HA OJHOU U
TOW JXe BbICOTE. M3MepuB BBICOTY cBeTWia B BepxHed h, m B HmxkHen h,
KYJbMHHAITHSX, MOKHO BBIYHCIIMTH IITUPOTY MECTa HAOJIIOICHUS

¢:900_M [2.4]

JInsi HaXOXJEHUs CKJIOHEHUsSI CBETHJIAa MPU HM3BECTHOM WIMPOTE MecTa
HaOJII0/ICHHS UCTIONIB3YyeM (DopMyITy:
5:m+m
2
He Tonbko Bup 3BE31HOTO HEOa, HO U BbicoTa CoNHIIA B KYJIbMUHALINY B
3aIaHHYIO JaTy 3aBUCST OT IIMPOTHI MECTa HAOIOICHHUS.
[Tonynennyto BeicoTy CoTHIIa MOKHO ONPEASTUTh 10 (hopmyJie:
ho=90°—¢)+5o [2.6]
rze ¢ — reorpaudeckas IHUpoTa MecTa HabIIACHH!S, J ) — cKIoHeHHe ConHa.
B teuenue roma ckinonenne CoJHIIA MEHSETCS, CIEA0BATEIHLHO, MEHSAECTCS €ro
nonyaeHHas Beicota. Ckionenue ColiHIIa Ha HYKHYIO J1JaTy MOKHO HalTH B ac-
TPOHOMHYECKOM KayieHaape, a1u0o B MHTepHeT, Hanpumep, Ha caiite CoHed-
HBIN KanbkyssTop http://www.hmn.ru/index.php?index=41&value=1.
JIBe OCHOBHBIE €IMHUIIBI CUETA BPEMEHU — CYTKHM U IO/ — YCTaHOBJICHBI
U3 acTPOHOMUYECKUX HaOroAeHUuN. BpeMs MOXXHO ompeaessiTh Mo 3BE37aM —

[2.5]
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3TO 3BE3HOEe BpeMs, 1100 o ConHIly — coJiHeUHoe BpeMsi. B moBcenHeBHOM
KU3HU MCIOJIB3YIOT COJHEYHOE BpEMsA. 3BE3NHBIE CYTKHM KOPOYE COJHEYHBIX
CYTOK IPUMEPHO Ha 4 MUHYTBHI.

MecTHoe BpeMsi i 1000 TOYKM 3€MHOTO IIapa OMpENEseTcss Mo
nonoxkennto CoyiHIa Wik 3BE3N. B AByX myHKkTax 3eMiM MECTHOE BpeEMs
OTJIMYAETCS B TOYHOCTH HACTOJBKO, HACKOJIBKO OTJIMYACTCS MX reorpadpuieckas
JOJITOTa:

Tl—Tzzll—/lz [27]

JIoATOTY OTCYUTHIBAIOT OT BHIOPAHHOTO IO JOTOBOPEHHOCTH HAYAIBHOTO
(HyneBoro) MepuauaHa: OH NPOXOJUT yepe3 obOcepBaToputo B ['puHBHUE
(BenukoOputanus). MecTHOe BpeMsi HYJIEBOTO MEpHAMAaHA HA3bIBAIOT
BceMHpPHBIM BpemeneMm — Universal Time (UT).

MecTHOe BpeMs 1000ro NmyHKTa Ha 3eMJi€ paBHO CyMME BCEMHUPHOIO
BPEMEHH B O3TOT MOMEHT M JOJTOTHl JAHHOTO ITyHKTa, OTCUWTAHHOM OT
HYJIEBOI'O MEPUMAHa U BBIPAKEHHOMN B 4aCOBOW Mepe:

Tl =UT+ /11 [28]

[Tonp30BaThCs B MOBCETHEBHOW KU3HM MECTHBIM BPEMEHEM HEYA00HO,
03TOMY OBLJIO BBEICHO MOSICHOE BpeMsl. 3E€MHOW IIap pa3fesuid BAOJb
MEpUIMAaHOB HA 24 4acoBBIX IMOsACA — M0 YUCIY 4acoB B cyTkax. Kax el mosic
3aHMMaeT TpUMepHO 15°, B KaXIOH TOYKe BHYTPH YacOBOTO IOsIiCAa BpEMs
OJlMHAaKoBO. TakuMm o00pa3oM, CY€T BpeMeHU Ben€rcs Ha 24 OCHOBHBIX
MepHIraHax, KOTOpble OTCTOAT ApPyr OT apyra Ha 15° mo moarore u
pacronararoTcss IPUMEPHO IMOCEPEOUHE KaXIOT0 YacoBOro Iosica. Bpems
COCEHUX 4YacCOBBIX TMOACOB oriauyaercs Ha 1 wac. lloschoe Bpems T
ompenenseTcs mo GpopmyJie:

T=UT+n [2.9],
rae UT — BcemupHOe BpeMs, N — HOMEP 4acoBOTO Tosica.

IIpu mepeceyeHUM IpaHMIbI JIBYX COCEAHHMX IOSICOB C BOCTOKAa Ha
3amaj 4achbl Ha/10 NepecTaBUTh Ha 1 yac Ha3ajx, a ¢ 3anMaja Ha BOCTOK — Ha 1
yac Blepen.

B Poccun neiicTByeT nekpeTHoe Bpemsi, KOTOpoe Ha 1 dac omepexaer
MecTHoe. Pa3HuIla MeXy MOCKOBCKMM U BCEMHUPHBIM BPEMEHEM COCTAaBIISIET 3
yaca.

Jlyna nBwxkercs Ha (¢GoHe 3BE3N C 3amaga  Ha BOCTOK, T.€.
MPOTHUBOIIOJNIOXKHO CYTOYHOMY BpalleHUI0 HeOecHOoW cdepbl. DTO BUIUMOE
JBUKEHUE OOBACHSIETCS IeUCTBUTENbHBIM oOpanieHremM JIyHbl BOKpYT 3eMJiu C
JMHEWHOU CKOPOCThIO TpUMEpHO 1 KM/C.

Ilepemenasice otHOcUTENbHO 3eMau U CoisHua, JlyHa M3MEHSIET Takxke
BHEIIHUI BUJI. DTO ABJICHUE HA3bIBAIOT CMeHOM (pa3 wiu npocto ¢aszamu Jy-
Hbl (Puc. 2.3). B HoBouynue Jlyna naxonurcs mexay ConHueM u 3emiéil u
no3TOMy He BUJHA ¢ 3emun. [IpumepHo depe3 7 mHEH, Korja yrioBoe paccTosi-
aue mexay Comunem u Jlynoit nocturaer 90°, Mbl BHIMM Ha HEOE MOJOBUHY
nucka JlyHbl, oOpalleHHYIO0 BBINYKJIOCTbIO K 3amaay. OTa ¢a3za Has3bIBaeTCs
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nepBoii yerBepThlo. EmE uepes npumepHo 7 aHeit (14 qHEl OT HOBOJIYHUS)
Jlyna HaxomuTcsl Ha cBoel opOuTe MpOTUBOMNOIO0KHO COJHIlY, Mbl BUIMM Ha
HeOe Bech quck JIyHbel — 310 (pa3a mosanoayHusi. Cryctst npuMepHo 21 1eHb OT
HOBOJIYHUSI Mbl BHOBb BUJIUM Ha HeOe€ MOJIOBUHY JucKa JIyHbI, HO 00paliéHHyIo
BBIITYKJIOCThIO Ha BOCTOK. DTa (haza — mocjaeaHss (TpeThsi) Y4eTBEPTh.

Bpewmsi, 3a koTopoe mpoucxomut mojHas cMmeHa (a3 JIyHbl, Ha3bBIBaIOT
CHHOAMYECKUM MecsiueMm. Ero mponon-
)KUTEIIBHOCTD COCTABISIET OKOJO 29,5 Mexay nepsoi verssy-
nuen. Ilepuon oOpamenus JlyHbsl Bo-
Kpyr 3eMJIM OTHOCUTEIBHO 3BE3] Ha3bI-
BAIOT CHAEPUYECKHMM MecsueMm. FEro

B Koo
JUTATEIIBHOCTh — IPUMEPHO 2773 THEH. [ \

p'
& —
¢ fiporwso- Coe e~ bm,“w“——

Ilepuon BpameHus JIyHbl BOKpYr N o
cBOEH OcH paBeH Takxke 27% CyTok, To  'owenwe %E; 4 s
€CTh CYTKM Ha JIlyHe mnpoaoiKarTcs @ n p ﬁ i
noutu mecal. M3-3a atoro JlyHa Bcerna - : - : m” -
HOBEPHYTA K 3€MIIE OJHOM M TOM IKE  nipervsh werseproe @

CTOPOHOM. Treren WTsapts

OpbOuta JlyHel HakJIOHEHa K Pucynok 2.3 ®azb1 JIyHbl
IJIOCKOCTH AKJIUNTHUKU TOJ YIJIOM OKO-

710 5° ¥ mepeceKkaeTcs ¢ Hel B BYX TOYKAxX — y3J1ax opouThl JIyHBI.

Bunumbie yrinoseie nuamerpsl JIynsl u ConHila o4eHb OJHM3KH U PaBHBI
npumepro 0,5° (Puc. 2.4). B ¢dase noBomyHust JIyHa MOXeT 3aKpbITh COOOIO
ConHIle, ¥ HACTYIUT COJIHEYHOE 3aTMeHHe. B nmonHomyHue, korga 3emiist oka-
3piBaeTcsa Mexnay Jlynoir u CoJHIIEM, MOKET MPOU30HTH JIYHHOE 3aTMEHHeE.
Jns HacTymieHus 3aTMeHuid HeoOxoaumo, 4ToObl ComHile 1 JIyHa oka3aiuch
BOM3U y3na opouTtsl JIyasl. [Ipu aTom ecniu CosnHile oka3piBaeTcs BOIM3U TOTO
xe y3na, rae u JlyHa, To HaGmrogaeTcsl COJTHEYHOE 3aTMEHHE, €CIM OKOJIO MPOo-
THUBOMOJIOKHOTO, TO JJyHHOE. COOTHOILIEHUS] MEXKAY BUIUMBIMHU YIJIOBBIMHU pa3-
mepamu JIyael u ConHIIa U HAKJIOHOM JIYHHOW OpPOHTHI K DKIMNTHKE TaKOBHI,
YTO COJIHEYHBIE 3aTMEHUS MOTYT BOBHUKHYTh B T€UeHUE 17 CYTOK, a JIyHHbIE — B
teueHue 11 cyTok 10 u nocie MmomeHTa npoxoxacHus ColiHIa yepes y3ed.

MososoR mecry
Nepa

Conneynnii cae

3oHa HacTHOrO 3aTMEHHS

NonyTens

ConHue |

W
MonyTeHs V 3emns Tehs

30Ha NONHOro 3aTMEHNA

Pucynok 2.4 Cxema CONHEYHOI O 3aTMEHUS Pucynok 2.5 Cxema TyHHOT0 3aTMEHHS
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JIyHHOE 3aTMEHHE BUAHO U3 JIFOOON TOYKU 3€MIIU, TJ€ B 3TO BPEMS MOXK-
HO HaOmonate JIyny. Ecnu JIlyHa mONHOCTBIO MOMNAJaeT B KOHYC 3€MHOM TEHH,
HaOJI0aeTCsl MOJIHOE 3aTMEHHE, €CIIM YaCTHYHO — yacTHoe (Puc. 2.5).

Iloanoe cotneunoe 3aTmenue (Puc. 2.4) HaGirogaercs B TeX MecTax Ha
MIOBEPXHOCTHU 3€MJIH, KyJa najaaet TeHs JIynsl. BenenctBue nrxenus JIyHsl o
opOuTE M BpalieHus1 3eMJIM JIyHHas TeHb TPOUYEPUMBACT HA TTIOBEPXHOCTH 3eMIIA
M0JIOCY MOJIHOIO COJTHEYHOI'0 3aTMEHMS — IyTh JUIMHOM B HECKOJBKO THICSY
KIJIOMETPOB. [IpogomKUTENPHOCTh COTHEYHOTO 3aTMEHHSI HAUOOJbINas B ICH-
Tpe 3TOM MOJIOCHI, OHA MOKET JIOCTUTaTh 8 MUHYT (Ha ’KBaTope). B mecrax, na-
JEKUX OT 3KBATOPA, MPOAOJLDKUTENLHOCTh 3aTMEHUS COCTABIISIET BCEro 2-2,5 MU-
HYThL. B 30HE mosryTeHn Ha0II0JaeTCA YACTHOE COJTHEYHOE 3aTMEeHHe.

Buaumeie yrioBeie nuameTpsl 3eMid U JIyHbI MEHSIOTCS BCIEICTBUE DJI-
JunTUYHOCTH opout. Korjja B MOMEHT 3aTMeHus 3eMJisi OKa3bIBAaeTCSl B CaMoOM
onuskoit k Comnuity, a JlyHa — B camoit nanékoi ot 3emiid TOYKax UX OpoOUT, TO
nuck JIyHbI HE MOKET TOJIHOCTBIO 3aKpbITh co00il nuck CorHia, U Ha 3emiie
HaO0JI01aeTCs KOJIbLeOOpa3Hoe COJTHEYHOEe 3aTMEHHE.

Bonpocsl, 3aqaHus U ynpaKHeHUs
ba3oBblil ypOBEeHb CI10)KHOCTH

2.1. MoXHO 1H AOJETETh M0 KaKOro-Tmbo co3Be3nus Ha pakere? OTBer
MOSICHUTE.

2.2. VI3MeHsTCS U OYepTaHWs CO3BE3NWN, €CIM MBI OyneM HaOIomaTh MX C
Mapca?

2.3. BeiOepute W3 cHcKa W 3amuImIuTe B cTONONBI (1) Ha3BaHUS CO3BE3IUN;
(2) acTepusmsl; (3) iMeHa 3BE3.

Cxopnuon, Kanemna, Mukpockon, Jletnuit Tpeyronphuk, Ilosc OpuoHa,
Purens, bonpmoi Ko, Cupuyc, Mansiii [1éc, Opén, Kanomyc.

2.4. Kakx Ha3pIBalOTCS TOYKM TIepeceueHUs HEOECHOro MepuauaHa ¢
MaTE€MaTU4YECKUM FOPU30HTOM?

2.5. I'ne Ha HeOecHoOM cdepe HaXOAATCS TOUKH BOCTOKA U 3amaaa?

2.6. ITouemy BricoTa ComHIIAa HAJl TOPU30HTOM MEHSETCS B T€UEHUE roja’?

2.7. Tlepeuncnute CO3BE3/MsI, Ye€pe3 KOTOPHIE MPOXOIUT BUIUMBIN TOTUYHBIN
nyTh ConHua.

2.8. Kakume KkoopauHaThl — SKBAaTOpPUAJIbHbIE WU TOPU3OHTAJIbHBIC —
HCIIOJIB3YIOTCS TIPH COCTABIICHUM 3BE3THBIX KapT?

2.9. Tlepeuncnure ycinoBUsl, HEOOXOAUMBIE I BOSHUKHOBEHHUS COJIHEYHOI'O
3aTMEHUS.

2.10. ActponaBT Ha JlyHe HaGmiomaer «mojiHo3emenuey. Kakyro a3y JlyHsl
BUIUT HAOIIOMATENb HA 3€MJIE B OTOT JAE€HB?

2.11. OObsicuuTe, MMOYEMY BO BPEMs MOJHOIO JYHHOTO 3aTMEHHS MBI BUIUM
JIyHy, OKpallleHHYIO B TEMHO-KPaCHBIN 1[BET?

2.12. CxonbKo pa3 B TE€YCHHE TO1a MOKHO Ha0M0AaTh Bee (a3nl JIyHbI?

2.13. Kakue 3aTMEHHS — COJTHEUHbBIE WIIM JIyHHBIC — Tipoucxoast vamie? [logemy?
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2.14. B kakoii MOMEHT MO MECTHOMY BpPEMEHHM [OJDKHO HAuyaTbCs JYHHOE
3aTMEHHE B IyHKTE ¢ reorpaduueckoii gosaroroit 3" 32", eciiv U3BECTHO, YTO T10
MHPOBOMY BPEMEHHU OHO JIOJKHO COCTOSAThCA B 1 4 51 Mun?

IToBbIICEHHBIH YPOBEHb CJ0KHOCTH

2.15. Ha3oBure camoe 00JIbIIIOE MO IIONIAAN CO3BE3INE.

2.16. Moxer nu HeOECHBI PKBATOp COBMAJATh C JIMHUEH MaTEMaTHYECKOTO
ropusoHTa? OTBET MOSCHUTE.

2.17. Moxert nu ComHile HaOII0aThCS B 36HATE Ha IIUPOTE TOPOIa, B KOTOPOM
BBI JKUBETE?

2.18. Tlouemy Ha 3BE3AHBIX KapTaxX HET TUIAHET?

2.19. OOBscHUTE, TOUEMY CO3BE3/IHs, BUJANMBIC B FO)KHOW 4acTH HeOa B CpeHUX
mupotax Poccun B aBrycre, He BUAHBI B (peBpalie.

2.20. B kakux co3Be3MSAX B HACTOSIIEE BPEMsSI HAXOJATCA TOYKU BECEHHETO U
OCEHHET0 PaBHOJICHCTBUI?

2.21. Yemy OyneT paBeH MepUOJ CYTOYHOTO BpallleHHs] HeOeCHOU cdepbl aiis
HaOJI0IaTeNIs, HAXO/SIIErocs Ha MoBepXHocTH Mapca?

2.22. Moxuno v HaOmonaTh moyiHylo JIyHy BeuepoMm B Jyyax 3axoJsIlEro
Comnniia (B 3anagHoi yactu He6a)? OTBET MOSICHUTE.

2.23. N3o0pasute Ha depTexe HeOecHYIO0 chepy B MPOSKIUH Ha TUIOCKOCTH
(a) HebecHoro mepuauana; (0) HeOECHOro SKBaTOpa.

2.24. Kak pacroJraraetcsi SKJIMIITAKA TI0 OTHOIICHUIO K TOpU30HTY Ha CeBepHOM
noroce? OTBET NPOUIITIOCTPUPYITE PUCYHKOM.

2.25. HazoBuTe ecTecTBEHHBbIE HEOECHBIE OOBEKTHI, Y KOTOPBIX OCTAIOTCS
HEU3MEHHBIMHU: (@) MPSIMOE BOCXOXKIEHUE U CKIOHEHUE; (0) a3UMYT U BBICOTA.
2.26. Ompenenure WHTEPBA CKIOHEHHWM 3BE3l, KOTOPHIE HA IIUPOTE Topojaa
Enbna (¢ = 53°) (a) Hukoraa He 3axoadar; (0) HUKOIA HE BOCXOAAT; (B) MOIYT
BOCXOJIUTh U 3aXOJIUTh.

2.27. TlpaBma nu, uro Ha dkBaTope COJHIIE €XKETHEBHO KyJIbMUHUPYET B
3CHUTE?

2.28. Tlouemy Ha 3BE3AHBIX KapTax M300pa)keHa IKIMNTHKA, HO HE TOKa3aHa
JIUHUS, BAOJb KOTOPOU aBMxkercs JlyHna?

2.29. EcTb Ha 3emMiie MecTa, )KUTEIIH KOTOPBIX HAOMI0AATh COJTHEYHBIC U TyHHBIC
3aTMeHus yamie? OTBEeT MOsSCHUTE.

2.30. OnumuTe, Kak ABMXKETCS 3emils Ha 3BE3IHOM HeOe JIyHBI.

2.31. CKoJIbKO JaT OJTHOBPEMEHHO MOKET ObITh Ha 3emJie?

2.32. Onpenenute Mpu MOMOIIM Teorpaduueckorl KapThl, K KaKOMYy IOSCY
OTHOCHUTCS Balll TOPOJI; ONPEACIUTE, CKOJIBKO JOHKHBI MTOKA3bIBaTh Yachl Y Bac
cerogHss B ['pUHBHUCKUI TOJNJAEHH TO TOSICHOMY BpPEMEHHM, W YTO OHH
MOKAa3bIBAIOT B JCHCTBUTEIHLHOCTH.

2.33. B utone 2019 roma Opimo 5 BockpecHbix aHei. Korma Obutl Takoi ke
cily4ail paHblie?
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Bbicokuil ypOBEHb CJI0KHOCTH

2.34. CnpasemnuBbl 1 dopmynsl (2.1), (2.2), (2.3) ana HaGmromaTens,
Haxojsmerocs B FOxuom nonymapuu 3emiu? OTBeT 000CHYHTE.

2.35. 3Be3na B3omwia B 00 yacoB 01 mMuH 1o MectHOMY BpeMeHHU. CKOJIBKO €I1ie
pa3 OHa MepeceyeT rOPU30HT B IAHHOM ITYHKTE B 3TH CyTKH?

2.36. 3Be3na kynbMuHHpYET B T. Enen B 3enute. Omnpenenute e€ CKIOHEHHE.
Iupota r. Enery ¢ = 53°.

2.37. Onuimure BUAMMOE CyTOUHOE ABMKeHne 3BE31 Jlened (0 = 45°), Anrapec
(0 = —26°) u Ampnebapan (6 = 16°) mis maGmomarens, Haxomsmerocs (1) Ha
sKkBarope, (2) B r. Enblie, (3) B r. Anenanna, (4) Ha CeBEpHOM IOJTIOCE 3eMITH.
2.38. OnummTe, Kak I3MEHUTCS KJIMMAaT Ha 3eMJIe, €CITM OCh BPAIICHUS 3eMITH
OyJeT NepreHIUKYJIsIpHa TUIOCKOCTU €€ OPOUTHI.

2.39. M3meHsTCS JIM TPaHUIBI TEIJIOBBIX TOSICOB, €CJIM YTOJ HAaKJIOHA OCU
BpanieHus: 3eMyid K TUIOCKOCTU €€ opOuthl ymeHwimutcs? Ecnaum ma, omummmre
U3MEHEHHUS.

2.40. Bnoonp kakod mapajuielii Ha 3eMjie MOKHO WATH IEHIKOM TakK, YTOOBI
ConHile «0CTaHOBUIIOCHY?

2.41. Urops JImutpueBud, Haxoach B moesne «MockBa — [letepOypr», BUIUT B
OKHE CBO€ro Kyre BeHepy, a B okHe HanpoTuB — JIyHy. B kakoif npumepHo daze
onuta Jlyna?

2.42. Korma cBetoBoit feHb B Enbite Obu1 (Mmm OynmeT) mpoAoibKuTenbHee: 23
cenTs0ps 2019 roga wm 23 centsaops 2020 roma? OTBEeT 000CHYHTE.

2.43. Tlo 3a1aHnto KJIACCHOTO PYKOBOAUTENSI AHS COCTABIISIET TCHEATOTHUECKOE
IpeBO CBOEW ceMbH. [IOroBOpMB ¢ pOICTBEHHHKAaMH, JEBOYKA y3HAJIA, YTO €€
nenyiika B 2016 romy oTMETHI CBOM JIEHb POKJICHHSI B BOCEMHAIUATHIN pa3. A
TéTs CBeTa pacckazana AHe, 4To e€ 0alyIika BIEpBbIE CMOTJIa OTMETUTDH JI€Hb
CBOETO POXKJEHUS TOJIBKO KOT/Ia € MCTIOJHUIIOCH 8 JIeT. YKaKUTE TOYHBIC JIAThI
pOXKICHUS AeAyImKd AHU 1 6a0ymku TéTh CBETHI.

IIpumeps! penienus 3aaay

IMpumep 2.1. HaiiTu BBICOTY 3BE3/IbI, CKIIOHEHUE KOTOPOi 0 = +48°, B BepxHeil
Y HIDKHEW KynbMuHaIuM B T. Enerr (52° c.mr).

lano: Pewenue: JInsa peuieHust 3amad MPAKTUYECKOM aCTPOHOMHUHM HC-
@ =+52° MOJIb3YIOT MPOEKIIMK HeOeCHOM cephl Ha TUIOCKOCTh MEPUIUAHA.
0 = +48° HebecHblil Mepuaran U300paskaeTcsi OKPYKHOCThIO, OTBECHAs JU-
h,—? HUSI ¥ MaTeMaTHYeCKH TOPU30HT — BEPTUKAIBHBIM M TOPHU30H-
hy, —? TaJIbHBIM JIMaMeTpaMu OKpykHocTH (Puc. 2.6).

Habmromarens HaxoauTcs B IleHTpe HeOecHo# cdepnl. Ha nuaum HeOecHOTO
MepHUIMaHa OTMEUEHbl TOUKHU: 3eHuTa Z, CeBepHOro nojtca mupa, ceBepa N u
fora S, BepxHeil A u HmxHell B kxynpmunanuum 3Be3nbl. Boicotra CeBepHOTo
MoJIF0Ca MHpa HaJ TOPU30HTOM paBHa IMHUpoTe Mecta Habmomenus ¢. OH
pacnonaraetcst Hasl Toukoi ceBepa N. [Ipoekius HeOGecHOTO PKBaTOpa — JMHUS,
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NEPIEHIUKYJIApHAs Ocu Mupa (OChb MUpa Ha PUCYHKE IMPOXOIUT 4epe3 LEHTP
OKpPY>KHOCTH U CEBEPHBIN MOJIIOC MUPA).
CKJIOHEHHE 3BE3/bl 0 — 3TO YroJl MEX]ly HAlpaBICHUEM Ha HEE U IJIOCKOCTHIO
skBaropa. llpoekuus cyrodyHoro myTtu
o e 3Be3Abl M300pakaeTcs Ha PUCYHKE
orpeskoM AB. Haiiném  yriossie
paccTosiHusi Touek A U B OT 3eHuTa
(puc. 2.6), Te. ymmr  ZOA
(COOTBETCTBYET BEpXHEW KyJTbMUHAIIUU
3Be3abl) U ZOB  (cooTBeTCTBYET
BEpPXHEN KyJIbMHUHALIUU 3BE3/IbI):
ZZOA=|6—¢|; LZOB=-|6 + g¢|.
Ecnmu BenmmumHa 1mMoa 3HAKOM MOIYJIS

Z

ITIOJIOXUTCEIIbHA, TO BCPXHAA
KyJIbMHUHAIUs IIPOUCXOJUT K CCBEPY OT
Pucynok 2.6. IIpoekius HebecHO# cdepbl 3eHUTa, eCIIH moJIydaeM

Ha IINIOCKOCTh MC€puJraHa
pHA OTPULIATCIIBHOC 3HAYCHUC, TO K IOI'y OT

3eHuTta. OTClOAa MBI MOXKEM IIOJIYYUTh YHUBEPCAJIbHBIC BBIPAKCHUS IS
BBICOTHI CBETUJIA B BEPXHEW M HU)KHEHN KYJIbMUHAIIUU:
h,=90° - ZZOA =90° — |6 — ¢|
h,=90° - £ZOB =-90° + |0 + ¢

[Tonyuennsie dopmynbl aHajgoruunbl Gopmynam (2.1), (2.2), (2.3), HO oHH
0oJiee YHUBEpCAIbHBI, TAK KaK UX MOYKHO HCIOJB30BaTh JJIsl JIIOOBIX CBETUJI B
CesepHom u FOxxHOM mostymapusix 3emMiiu, T.€. JUIsl JTFOObIX 3HAYECHUM IUPOTHI U
CKJIOHCHMS.
IToncraBisieM JaHHBIE 3a0a9H:

h,=90° — |48° —52°| = 86°

h,=-90° + |48° + 52°| = 10°

BepxHsis KyJapMUHAILMS 3BE€3/IbI CO CKJIOHEHHEM +48° B T. Ejlblie MPOUCXOAUT Ha
BbIcOTe 86° HAJ TOYKOW IOra, HWKHSS KyJIbMHUHAIMs — Ha BbicoTe 10° Hap
TOYKOM ceBepa. Takum oOpazom, 3Be3/1a SBISICTCS HE3aXOJSAIICH IS IITHPOTHI
ropoaa Emnbra.
OtBet: 86°; 10°.

IIpumep 2.2. MypMmaHcK pacmojoxkeH Ha mmupore 69°, Emenm — 52° c.m.
BepxHsisi KyJabMHUHAIMS HEKOTOPOH 3Be3/bl MPOMCXOJUT B 3THUX TOpPOAax Ha
OJIMHAKOBOM BbicoTe. OMpeeIIUTE 3Ty BBICOTY U CKJIOHEHUE 3BE3/IbI.

Jlano: Pewenue: OnvcanHas B 3a1a4e CUTyalys BO3MOKHA B TOM CJIy4ae,
@1 =+52° €CJIM B OJTHOM TOpOJIE 3BE€3/1a KYJIbMUHUPYET HAJ TOUKOM ceBepa, a
@ = +69° B IPYTOM — HaJ TOYKOM tora. Torma CKJIOHEHHE 3BE3/IbI O yI0BJIe-
h,—? TBOPSICT YCIIOBHUIO:

0o—"7? P1<0 <@y 52°<0<69°.
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Takum o0OpazoM, B MypmaHCKe 3Be3/la KYyJIbMHHUPYET B IOKHOW YacTH
TOpPU30HTA, B ENbIIE — B CEBEPHOMU.

Jist Mypmancka:
h, =90°— ¢, + 6.
Jlis Enbna:
h, =90°+ ¢, — 4.
[To ycnoBuro 3aa4M BBICOTHI OJIMHAKOBEI. Peliasi cucrtemy ypaBHEHUM, HAXOAUM
6 — (01 + ¢2
2
2 L 69°
5=22%9 _go5

BricoTa B KyJIbMUHALIMY:
h, = 90°+ 52° — 60,5° = 81,5°.
Ortser: 81,5°, 60,5°.

IMpumep 2.3. Onpenenute nonyaeHHyto BbicoTy Comnna B Hopumnbcke u B
JlepOeHTe B THU JIETHETO ¥ 3UMHETO COJHIICCTOSIHHM.

/ano: Pewenue: Tlo kapre (mnm ucnons3ys IHTepHET) onpenensieM 1u-

@1 = +69° potel Hopuiscka @1 = +69° u Jlepbenta ¢ = +42°.

@, = +42° P1<0 <@y 52°<0<59°.

h - ? Jns HaxOXAEHUSI TMOJYAECHHOW BBICOTHI (COJIHIIA HCIOJIb3yEM
bopmyiy (2.6):

hy =90°—9+4,.

B neHb 1€THETO COHIIECTOSHUS O o= 23,5°, 3uMHETrO0 5® =-23,5°.
[Toxcrasnsist nanHbie B HOPMYITy, HAXOIUM:
B nenb netHero conuiiectosiHus Beicota CoJHIA:

B Hopuibcke 44,5°, B lepOGente 71,5°.
B nenb 3umHero conHiectosinus Beicota CoHIa:

B Hopunbcke —2,5°, B JlepOenre 24,5°.
Takum oOpazom, B Hopuibscke ConHIle B J€Hb 3UMHETO COJIHIIECTOSHUS
HAXOJUTCS HUXKE TOPU30HTA, TaM B 3TO BPEMSI HOIAPHASL HOYb.
Otsert: 44,5°,-2,5°; 71,5°, 24,5°.

Haiiném pazHocTh reorpad@uyueckux LIMpOT MECT HAOIIOACHHUS:
01— @2 = 69°—42° =27°
Pa3nocTh nonyeHHoi BeIcOThl COJTHIIA B JICHB JIETHETO COJTHIIECTOSHUS
71,5°—445°
J171s1 3MMHETO COJTHIIECTOSIHUS
24,5° — (-2,5°)=27°

Takum 00pa3om, Mbl YCTAaHOBUJIIM 3aKOHOMEPHOCTb: PA3HOCHb NOJYOEHHOU
svicombl ConHya 6 08yx NyHKmax 3emau, HaxoOAwWuxcs 6 0OHOM NOJYUapuu,
PAasHa pazHocmu 2e02paghuyecKux Wupom 3mux nyHKmoa.
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IIpumep 2.4. Camonér-nepexBaruuk Mul" 31 moxet pa3BuBaTh ckopocth 3 000
km/4. Camonér BwuIeTen u3 XabapoBcka B MockBy 1 centsiOpsi B 2 yaca 30
MHHYT [0 MECTHOMY BpemeHHU. Kakoe Bpemsi JOJKEH BBICTABUTH NUJIOT HA
CBOMX Yacax 1o mnpuObITHI0 B MockBy? PaccrosHue mexay MockBo u
XabapoBcKOM MpUMHUTE paBHBIM 6 150 kM.

/lano: Pewenue: Camon€r HaxoaWICs B IyTH

Txis=241930mun | t=S/v;t=2,054aca=2 43 MuH.

S=6150 km [To nmpunéry B MoCKBY 4achl MUJI0Ta MOKA3bIBAIOT 4 yaca
v =3 000 km/q 33 muHyTH 10 BpemeHu XabapoBcka. MockBa pacroso-
Tv—"7 ’KE€Ha BO 2-M 4acOBOM Tosce, XabapoBCK — B 9-M.

Pa3nuna Bo BpeMeHu cocrapiisieT 7 yacoB. Tak Kak caMmOJIeT JIETeNl ¢ BOCTOKA Ha
3armaji, OT MECTHOTO BpeMeHu XabapoBcka (4 yaca 33 MUHYTHI) HY>KHO OTHSITh 7
yacoB. Mickomoe Bpemsi: 21 vyac 33 munyThl 31 aBrycra!

3amaum 0a30BOro ypoBHS CJI0KHOCTH

2.44. Ha kakoil BbICOTE B rOpOJI€, I/I€ Bbl MPOKUBAETE, IPOUCXOJUT BEPXHSIS
KyJIbMHUHALHS 3Be3161 AHTapec (6 = -26°)?

2.45. Ha xakoii Beicore B Kpomsene (Hosas 3emangus) (¢ = 45° 1o.mr)
POMCXOTUT BEPXHsis KyabMUHANUS 3Be31bl Cupuyc (0 = -16°)?

2.46. Bricota 3Be3npl AnbTaup B BEpPXHEW KyJIbMUHAIUH 12°, cknonenue
Anbranpa pasao +9°. KakoBa reorpaudeckas mupoTa MecTa HaGIIO[CHHS?
2.47. BepxHsisi KyJIbMHUHAILIMS HEKOTOPOM 3BE3/bI IPOUCXOAUT HA OTHOW U TOM
xe BbicoTe B Cankt-IlerepOypre u B Boponexe. Onpenenure CKIOHEHHUE 3TOU
3Be3/bl U €€ BHICOTY B KyJbMUHAIUH.

2.48. Omnpenenurte noyAeHHY0 BbicoTy COMHIIA B MECTE BAIIeTO MPOKUBAHUS
B JIHU JIETHETO U 3UMHETO COJIHLIECTOSIHUM.

2.49. Yacet B MockBe (UT+3) mokassiBator 6 u 40 muH. Kakoe Bpems
nokaspiBatoT  uyacel B Kamumuwmarpage (UT+2), MHpkyrcke (UT+8),
Exatepunoypre (UT+5), Bammurrone (UT—4), Tokuo (UTH9), Jlume (Ilepy,
UT-5)? UT — BcemupHOE Bpemsi.

33)121‘-[1/1 MOBBLIIECHHOI'0O YPOBHA CJIOKHOCTH

2.50. Onpenenute, )KUTEIN KaKUX CTpaH MOTYT HaOmoAaTh co3e3aue KOxHOTO
Kpecra, pacnonoxxeHHOE B IIpeiesiax F0KHOTO CKIIOHEHHUS 0T —55° 10 —64°.

2.51. Camonér Beuteren u3 MockBbl B 21 yac 30 munyT u npudsut B UpkyTck B
5 gacoB 35 muHyT. CKOJIBKO BpeMEHHU caMOJET ObLT B MyTH?

2.52. Hexoropas Hesaxonsmas 3Be3ia umeer Beicoty S50°B  BepxHeii
KyJIbMUHALIUA U 20° B HmxkHeil. HalimuTe CKIOHEHWE 3TOH 3BE3NbI U LIAPOTY
MecTa HaONOAeHUs. Ykazanue: NJis pelICHUs] 3aJa4d BBITIOJHUATE YEPTEX H
paccMoOTpuUTe ciiydau BepXHel KyJIbMUHAIIUMH K FOTY U K CEBEpY OT 3€HUTA.

2.53. T'eorpaduueckas mmpora MockBsl +56°, Axauc-A6eos +9°. DTu ropoaa
HaxoJsITCS TOYTH Ha OJHOM Mepujauane. Omnpenenute pa3HOCTh BBICOT, Ha
KOTOPBIX B HUX BUAeH CUpHUyC B MOMEHT BepXHEN KyJIbMHUHAIIH.
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2.54. Bpewms 3axona Connua B Mockse (mupora +56°, nonrora +38°) 19 u 30
MuH. Kakoe Bpemsi mokasbiBaloT 4yackl B MockBe, korjna ColHile 3aXOAHUT B
ExarepunOypre (mupora +56°, noarora +61°)?

3agauM BHICOKOIO YPOBHS CJIOKHOCTH

2.55. B nacrosiee Bpemsi CeBepHBIN MONIOC MHUpaA pacnoioxkeH psjaom ¢ Ilo-
nsipHOM 3Be310M. Eciu ObI 0ch BpameHus 3eMin Obliia MepreHIuKYISIpHA TUIO0C-
KOCTH €€ OpOUTHI, B KAKOM CO3BE3IUU OKazayics Ob1 CeBepHBIN MOIt0C Mupa?
2.56. I'ne u Hackompko Bhimie CONHIIE MOAHUMETCS HAJ TOPU3OHTOM B JICHb
netHero coyiHiecTosiHuA: B Coun (¢ = 44° c.u1.) wiu B cronuue Pyanast Kuranu
(p =2° 10.111.)?

2.57. Hemenkuit actponom Morann ['eapux ¢don Memmep B (1794 - 1874) 6onee
25 ner mnposén B Poccum, rme oH OblT  pykoBoautenem JlepnTckoi
obcepBaropuu (T. FOpweB, ceituac — Tapty B Dctonun). OH Mpeasioxkusl BBECTH
KaJIeHJapb, IO KOTOpoMy cieayeT B 128 mer BeiOpachiBaTh U3 cyeTta | CyTKH.
OnpenenuTes MNPOAOJDKUTENIBHOCTh TOJa B JETOUCUUCIeHMHM Mennepa u
BEJTUYUHY OIIMOKH €T0 JICTOUCUYUCIICHHUS.

2.58. A.C. Ilymkun poausics 26 mas 1799 roga. Bcem u3BecTHO, 4TO pa3HUIIA
MEKJly CTapblM U HOBBIM CTWJIEM cOCTaBisieT 13 aHeill. OgHAaKo MbI MIpa3IHyeM
neHb poxaeHus Ilymkuna (o HOBOMY CTWIII0) 6 HIOHS, XOTS pa3HUIIA MEXITY
26 Mas u 6 uroHa — Bcero 11 pgueil. IlpaBunabHO M MBI Mpa3aHYEM ICHb
poxaenus A.C. [lymkuna? O60cHyHTE CBOM OTBET.

IIpakTnuyeckast padora Ne 1
I'pagpuueckne Moaesn HeOecHOM chepbl

L]env pabomol: N3y4UTh OCHOBHBIE AJIEMEHTBI HEOECHOM cepbl U MOCTPOUTH €€
rpaduueckue MOJICTH I PA3TUYHBIX TYHKTOB HAOJIIOICHHUS.

Ilpuboper u mamepuansl: KapaHjail, MUPKYJb, JIUHEWKA, [IBETHbIC KapaHAallId
WJIU PYYKH, TPAHCTIOPTHUP.

Xoa padoTnl

3amanue 1. Ha puc. 2.7 Bel BuauTe Mojaelb HebecHo cdepnl. Crenmaiite
MoA0OHBI PUCYHOK B TeTpaau. UToObl ymoOHee OBbLIO BBHINOJHSITH 3aJIaHHE,
clellaiiTe PUCYHOK B TETpaau C OOJBIIUM paguycoM (Ha BCIO CTPaHUILY).
OTtmeThTe Ha Baleil Mojienu HeOecHOU cephl cleayrone TOUYKA U TMHUU:
® TOYKH 3CHHUTA U HAJUPA;
JUHUIO MaTEeMAaTHYECKOTO TOPU30HTA;
HeOCCHBI MEpHU/INaH,
TOYKHU CEBEPHOTO U FOXKHOTO MOJTIOCOB MUPA;
0Ch MHPA;
HEOECHBII SKBATOP;
SKITUTITUKY;
TOYKHU BOCTOKa, 3amaja, CeBepa u ora.
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Pucynok 2.7. Mopaenb HebecHOl cdepbl

3apnanme 2. HaGmrogaTenb HaXOIWTCS B MECTE 3€MHOW TOBEPXHOCTH, TAC B
3eHUTE HaOMojaeTcs oAHa w3 ciedyronmx 3BE34: [lomspHas, AnbacOapas,
Cupuyc, Kanonyc, Anbda [lentaBpa, Anbraup.
e licnonb3yss acCTpOHOMHYECKHMI KalleHaapb win VHTEepHET, ompenenute
CKJIOHEHHE O KAKIOU U3 3BE3I.
e Omnpenenute BoICOTY N 11 KaXK101 3BE3/1bI B 3CHUTE.
e Ormpenenure MUPOTY ¢ MECT HAOIIONECHUS, B KOTOPBIX JaHHBIC 3BE3[IBI
HaOJIIOIAIOTCS B 3CHUTE.
» Vrxazanue: ucnonvzyume gpopmynvt (2.1) unu (2.2).
3aganue 3. [loctpoiite rpadgudeckne Moaenn HeOecHOH chephl B MPOSKINHA Ha
MJIOCKOCTh HEOECHOro MepuauaHa JUis ABYX 3BE3M, OJHA M3 KOTOPBIX HMEET
MOJIOKUTENIbHOE 3HAUEHUE CKIIOHEHHUS 0, a ipyras — oTpuriaTenabHoe. J{Jis aToro:
® HApPUCYWUTE OKPY>KHOCTh MPOU3BOJLHOIO pajinyca, oHa OyAeT n300paxarhb
HeOeCHBI MEepU/INaH;
e 0003HAYBTE LIEHTP OKPYKHOCTH;
® [MPOBEIUTEC JIMHUIO MaTEMaTHYECKOTO TOPU30HTA (TOpU30OHTAIbHAS
JIMHUSL, IPOXOIAIIAs Uepe3 IEHTP OKPY>KHOCTH);
® OTMETHTE TOUKHU 3€HHUTA U HaJAUpPa U MPOBEAUTE OTBECHYIO JTUHUIO;
® Ha JUHUH TOPU30HTA 0003HaUbTE TOUKU ceBepa N u rora S;
® Ha JMHUM HEOECHOTO MEpHIMaHa OTMETHTE IMOJOKEHUS CeBEpHOTO P u
I0’KHOTO P' TI0JIFOCOB MUPA;
» Tloacka3ka: BOCIOJB3YHTECh TEOPEMOW O BBICOTE IIOJIFOCA MHpa Hal
TOPU30HTOM
» QOOpaTuTe BHUMAaHMeE: JUI1 HAOIIOIATENIS B CEBEPHOM IOJTYIIAPUH 3EMITH
HaJl TOPU30HTOM PACIOJIOKEH CEBEPHBIN MOIIOC MUPA, B FOKHOM — FOKHBIM
MOJIFOC MHPA.
e mpoBeauTe TuHUI0 POP', n300paxkaroniyro 0cb MUpPa;
e MocTpoiiTe n3odpaxenue HebecHoro ’3xBaTopa QQ'.
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3aganue 4. M300pasuTe Ha NOCTPOEHHBIX MOJEISAX CYTOYHbBIE Mapajlienn
3BE3bl, KOTOpass B JaHHOM TOYKE HAONIONECHUS SABIIETCA: HE3aXOMsILEH,
HEBOCXOJAIEH, BOCXOIUT U 3aX0UT. Vcnonb3yiiTe KapaHaally pa3HOro 1BETa.
3apanue 5. OTBEThTE HA BOIIPOCHI.
* MoOXHO JM OJHO3HAYHO OIpPENEIUTh, KakoBa IIUpOTa MecTa
HaOmoeHus, rae HeOecHas cepa MMeeT BUM, M300paKEHHBIA Ha pHC.
2.67
= 3Be3na KyJIbMUHUPYET B 3¢HUTE Ha MIMPOTE Baiiero ropoaa. Onpenenute
€€ CKJIOHEHHE.
= Kak MOXHO OIpEAENNUTh IMPOTY MECTA HAOJIIOAECHHMS O 3BE3IaM?

IIpakTuyeckas padora Ne 2

Onpenenenue BUAUMOCTH CBETHJI C TOMOIIBIO MOABHKHOM KAPTHI
3BE3IHOI0 HEe0A

Llenv pabomovl. TO3HAKOMUTCS C TOJBM)KHOM KapTo 3BE3MHOrO Heba u
HAYYHUTHCS UCIIOJIb30BATh €€ ISl PEIICHUS PA3JIMYHbIX 3a]1a4.

Ilpubopvr u mamepuanvi. TOABWXKHAS KapTa 3BE3THOTO Heba, KapaHAall,
IUPKYJIb, JINHEWKA.

JonosHurenbHass HHGOpMaLMs

[Toneuxxknas kapta 3BE€3gHOoro HeOa (ITIK3H) coctouT M3 naBYyX wacrtew,
BpaIllAlOMINXCsl JIPYT OTHOCUTENbHO japyra. IlepBas — coOCTBEeHHO KapTa
HauOosiee SPKUX 3BE3] ¢ OOO3HAUCHHUSIMU CO3BE3AUN M CETKH KOOPAUHAT.
MOXHO OpHUEHTHUPOBATHCS, TMOJIB3YSACh TOJBKO 3TOM 4YacThto. HO MBI Kak
MPaBUJIO HE 3HAEM, KaKWe CO3BE3AMsl BUJIHBI HAJl TOPU3OHTOM B TO WJIM UHOE
BpeMs. [l TOro 4ToObl 3TO ONpPEACNNTh, CYLIECTBYET HAKJIAIHOW Kpyr —
BTOpAasi YaCTh KapThl.

B HakimamHOM Kpyre HYXHO CJeJaTh BbIp€3 B COOTBETCTBUU C
reorpauueckoll MUPOTOM MecTa HAOMIOACHUS JOJKEH OBITh BBIPE3aH
MEHBIINN KpyT. HanoXuB HaKJIaAHON KPyT HA KapTy, Mbl YBUJAUM B BBIPE3aHHOU
YacTU PACMOJIOKEHUE 3BE3]] OTHOCHUTEIBHO CTOPOH ropu3oHTa. Ha rpanuie
BBIPE3aHHON 4YacTH, KOTOpasi COOTBETCTBYET TOPU3OHTY, HAHECEHbl TOYKH
ceBepa, 1ora, BOCToKa U 3anana. Oopamume HUMAHUE, YMO MO UMEHHO MOYKU
Ha JuHUYU 2opus3oHmal

[Ipu BpalmieHun KapThl OYJET MOHITHO, KAKUM 00pa3oM JABUXKYTCS CBETHUJIA
OTHOCHUTEJIbHO TOpU30HTA. [IpaBuiabHBIM OyAeT TO HampaBieHUE, TP KOTOPOM
3BE3]Ibl BOCXO/IST B BOCTOYHOM CTOPOHE U 3aXOJIST B 3aIaTHOM.

Kak evicmasumsv kapmy na 3adannvie oamy u epema? BHauane cienyer
oOpaTuTh BHUMAHHUE Ha IIKaJy JaT Ha KapTe W IIKAJy BPEMEHHM Ha HAKJIaJTHOM
kpyre. [IpaBuna nucnosib30BaHUE KapThl IPOCTOE, HYHCHO COBMECHIUMb MEHCOY
co0o0itl 3a0annyto oamy u 3adannoe epemsa. Cienyer MOMHUTh, YTO HUYTO HE
MeEIIaeT BBICTABUTh KAPTY HA THEBHOE BpeMs CyTOK. UTo K, KapTa HE BUHOBATA,
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yto cBeT CoHIla, paccenBasich B aTMocdepe, He TO3BOJISIET HaM BUIETh 3BE3/IbI
JTHEM.

MHorue 3aKkOHOMEPHOCTH BUAMMOCTU U JIBHXKCHHSI CBETHII, 0COOEHHOCTEM
MOJIb30BAHUSI MOXKHO BBISIBUTH, JKCIEPUMEHTUPYS C TOJBIXKHOW KapTOM.
Hampumep, ecnu mojioXUTh KapTy Ha TOPU3OHTAJIBHYIO MOBEPXHOCTH (CTOI,
HaIpuMep) TO, COBMECTUB OTMETKU CEBEpa M IOTa, Mbl YBUIUM, YTO OTMETKH
3amaja M BOCTOKAa MOMEHSUIUCh MecTaMu Jpyr ¢ jApyrom. Ilouemy Tak
npousonio? [lopa3sMpICIUB, MBI CIIPOCUM Ce0s, MOKEM JIM MBI BUJETH 3BE3IBI
HEe Ha HeOe, a moja Horamu? HeoOXoauMo pa3MecTUTh KapTy HaJl TOJOBOM
(«BBEpX HOraMM») U CMOTPETh Ha HEE CHU3Y, KaK Ha HACTOSIIEE 3BE3JHOE HE0O.
[IK3H cnenyer pacnevararh, HaKJIEUTh HA TUIOTHYIO Oymary u BeIpe3ath. [11a6-
JIOH KapThl ecTh B [IpuioxkeHuu, Tak:ke ero MoxHO B35Thb ¢ caiiToB WHTepHeT,
Harmpumep, https://Islsm.jimdo.com » actpoHOMHUS > TIK3H.

Xoa padoTnl

3ananme 1. YcraHoBUTE MOJBIKHYIO KapTy 3BE3/IHOTO HEOA HA TEKYIIYIO JaTy.
VYcranosute Bpemsi 21.00, a 3atem nHa 2.00 cnemyromero nns. B oruere
3aMUIINTE ATy, BPEMsI, HA3BaHUSI XOPOIIO BUJIUMBIX cO3Be3auil. JlJisi mepBOro
Cllydasi 3apUCyHTE HECKOJIbKO CO3BE3IMM TakK, 4TOObI BMIOCIEIACTBUU BBl HX
MOTJIM HAalTU CaMOCTOATENILHO Ha BEYEpHEM HeOe.

3aganue 2. CpaBaute crucku. [lomersre, U3 Kakux rpymi (TOJISPHBIX, JIETHE-
OCEHHMX, OCCHHE-3UMHHUX, BECEHHUX) y Bac MEPEYUCIIEHbI CO3BE3AUS B IIEPBOM
Y BTOPOM CIIyYae.

3aganue 3. Ycranosure Ha [IK3H naty nHa Tpu mecsua Bmnepen, Bpems 21.00.
BreinuimmTe Xopoiio BUIUMbIE CO3BE3AUS.

3ananme 4. CpaBHUTE CIUCOK C JIBYMA npeasiaymumu. Chenaite moapoOHbIit
BBIBOJl O 3aKOHOMEPHOCTSIX BUIUMOCTH CO3BE3/IM B pPa3HOE BpPEMsSI CYTOK U
pa3HbIE 1aThI.

3ananme 5. Bremummre oO0beKTHl BedepHEero HeOa (Ha3BaHUs 3BE3M, IJIAHET,
TYMaHHOCTEH, TAJIAKTUK ¥ CO3BE3/IMs, B KOTOPBIX OHU HAXOJSATCS), KOTOPHIE BbI
MOTJI OBl HAOTIOAATh HEBOOPYKEHHBIM TJIA30M UJIM B HEOOJIBIIION TEIECKOIL.

» Ilpumeuanue. Kapty HeOa MOTYT IMOKa3bIBaTh MPOrPaMMEbI-TUIAHETAPUH.
PekomeHnyeM MCIONb30BaTh CBOOOIHO PAcCHpOCTPaHIEMYIO MPOrpammy-
wianetapuit Stellarium. Ucnonw3ys 3Ty mporpamMmy (viu 000 Apyroi
BUPTYaJIbHBIA TIJIaHETApUi), MOXHO Yy3HATh YCJIOBUS BHUIUMOCTH HE
TOJIKO 3BE31 W co3Be3guii, HO W JlyHbl m maner. Ilocimennue, kak
W3BECTHO, HEJIb3 HAHECTU Ha OOBIYHBIC KAPThI, IOTOMY YTO OHU MEHSIOT
CO BPEMEHEM CBOE IMOJIOKEHUE OTHOCUTENBHO 3BE€3]l, KaK TOBOPST, OHU
«OTYKIAI0T.

3ananue 6. Haiinure Ha MOABMXXHOW KapTe OMHO W3 CIEAYIOIIMX CO3BE3IIHI:
Jlupa, Ilepcer, bnusHenpl, Bosionac. YcCTaHOBHTE CO3BE3IME B 3CHUT
BpaIllEHUEM HaKJIaJIHOTO Kpyra (puMepHO B ero ueHtp). [lonap3ysach mikanamu
JaT U BPEMEHU CYTOK, BBIHIIUTE BPEMs, JJIi KOTOPOTO JAHHOE CO3BE3/HE
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OyZeT BHIHO B TaKOM IIOJIO)KEHHMM Ha CEepeAuHy Kaxxaoro u3 12 MecslieB.
[ToanuimuTe, BUAHO JIU ATO CO3BE3/IUE JIJISl KAXKIOTO MecsIla Ha BeUepHee BpeMs
WIN He BUAHO (He 3a0yapTe: BpeMs 3axoqa CollHIla MEHSIETCS B TeueHHUe rojal).
CnenaiiTe BbIBOJ B BUJIMMOCTH BOCXOJAIIME-3aXOISAIINX CO3BE3/IUNA B TCUCHHE
roja.
3apanme 7. OTBETHTE Ha BOIIPOCHI.
= Eciy TeIecKoIl 3aKpeluTh B OMPENEIEHHOM IOJO0XKEHUU C BUAUMOCTBIO
Ha KakoW-mmOO yd4acTok Heba, TO TIOCTCTICHHO KapTWHKA OyaeT
cmemarbesa. Yem 3To 0O0yclIoBIEHO, W B KaKyl CTOpPOHY Oyner
IPOUCXOJHUTHh 3TO CMEIICHHE IMpPU YCIOBUU NPSIMOM BUAMMOCTH B
TeaecKon?
* Ecnu HaOmofaTenb BUAWT Kakoe-THMOO CO3BE3/ME Iepel] pacCBETOM B
3€HUTE, TO B KAKO€ BPEMS CYTOK OH YBHJMT €rO TAKXKE B 3CHUTE 4epe3
qyeThIpe Mecsna’?

3amaHus I CaMOCTOSATEIbLHON PadoThI

C2.1. IloarotoBeTe paccka3 O MOJIAPHBIX CO3BE3AUSAX M CO3BE3AUAX, KOTOpPHIC
BUJIHBI B JaHHOE BpeMs BedepoM. Mcrmomb3yiite Mudbl U JEreHnbl, o0pa3bl
co3Be3nui u3 arnaca SHa I'eBenus. IIpeactaBbTe, 4TO BBl pAacCKa3bIBA€TE BO
BpeMsl BeuepHUX HaOmroneHuil. J[yig mokasza co3Be3quil MOJb3YWTECh HEMBIMU
KapTamu (Ha KOTOPBIX HAHECEHBI TOJBKO 3BE3/Ibl U HUUETO He moanucano). Ho
MpEABAPUTEILHO TOTPEHUPYUTECh CaMOCTOATENIBHO HAXOAUTh Haubosee
W3BECTHBIC CO3BE3/IMSI HA ATUX KapTax.

C2.2. ObocHyiiTe TeopeTHuecKy, B Kakue ¢a3bl JIyHbI BbICOTA MPUIMBOB OKEAHOB
3emuin HamOoJbIIas M Korja HauMmeHbinas.  [IpoBepeTe Bamy rumoresy,
coroctaBuB Ta0uibl ¢a3 JIyHbl U BBICOTHI MPWJIMBOB U OTJIMBOB B KaKOM-JHOO
pUOPEKHOM MECTE.

C2.3. Hcnomws3ys Marepuansl caiita https://eclipse.gsfc.nasa.gov/eclipse.html,
COCTaBbTE KaJICHJIaph COJTHEYHBIX U JIYHHBIX 3aTMEHHUM Ha TEKYIIUI Y4eOHbII T0O1
C YKa3aHHUEM MeCTa, TJie OyayT HaOJII0IaThCS COTHEUHBIC 3aTMEHHSI.

C2.4. UccnenyiiTe, HauMHasi ¢ Kakou reorpauyeckoil MUpOThl BEUEPHUE U yT-
PEHHHE ACTPOHOMUYECKUE CYMEPKH HOUYBIO CIIMBAIOTCS APYT C APYTOM.

C2.5. IlpencraBbTe cedOe, UTO Bbl HAXOJAUTECH B OJJHOM U3 CIEAYIOIIUX MECT: Ha
noJIsIpHOM cTtaHuu Mup, B roponax Makamna, AOy-/[adu, Can-Ilayny, Mypman-
cke. Onummre, kak aBuxercss CoJHIle B 3TOM MECTE B IHM BECEHHETO U OCEH-
HETO PABHOJICHCTBUM, B IHU COJIHLIECTOSIHUM.

C2.6. Cnenaiite yMEHBUIEHHYIO KONIMIO cucTteMbl 3emira-JIyHa. Ilycte 3emus B
ATOM MOJIEIH MpECTaBIeHa HAyBHBIM Msi4oM auamerpa 1 m. Onpegenute pas-
Mepsl Mozienn JIyHbl u e€ yaaneHue ot 3eMiid B 9TOM MaciiTabe.

C2.7. Ucnonb3ys nporpammy-iutanetapuii (Hanpumep, Stellarium) onpenenure,
Kakre HeOecHble 00BEKThl MOXKHO OyJeT HaOJII0AaTh BEUEPOM B JIEHb 3aHSATHUS.
CocTaBbTe IUIaH U MPOBEAUTE CAMOCTOSATEIHLHO BedepHue Habmonenus. Kakue
13 HeOECHBIX 0OBEKTOB BhI HAIIUIM JIETKO, KAKWE HE CMOIJIM HalTH Ha HeOe?
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3. HEBECHASI MEXAHUKA
OcHOBHBIE IOHATHS, 3aKOHBI H (POPMYJIbI

[Tnanetsr, mogoOHo Connily u JlyHe, y4acTBYIOT B OOIIEM CYTOYHOM
JBIKEHUH, TMEepeMeNIasich OTHOCUTENbHO 3BE3[ MO CJIOXKHBIM MEeTIe00pa3HbIM
TPaeKTOPHSIM TO C 3amajia Ha BOCTOK (MpsiMoOe JBUKEHHeE), TO C BOCTOKA Ha 3a-
naja (monsitHoe ABu:keHue) (Puc. 3.1).

Mape. &
Cmaspue 4. IV, 20.VX
Jjpomusocmonnie o 7.V

Lbrecw s8638
[ ] [ ] °
- ”»m v

Pucynok 3.1 Bugumerii myte Mapca Ha ¢done 3BE311 B stHBape-ceHTsiope 1984 r.

ITo nonoxennto otHOcUTENBHO CoOJHIA ¥ 3€MJIU TIJIAHETHI Pa3aeiauin Ha
BHyTpenHue (Mepkypuii 1 Benepa) u BHemnue (Mapc, FOnutep, Caryps,
Vpan, HentyH). XapakTepHble B3aUMHBIE MMOJIOKEHUS 1uiaHeT, 3emun 1 CoJHila
HA3bIBAIOT KOHPUTYPAIUSIMH.

Kondurypanumn Buyrpennux mianer (Puc. 3.2):

> BepxHee coeqMHeHHe — raHeTa, 3emirst 1 CoNHIIE PacToIoKEeHBI Ha OJ1-
HOM uHUM, COJIHIIE HAXOAUTCS MEXKy TJIAHETON U 3eMIIEN;

> HH)KHee coeuMHeHMe — TutaHeTa, 3emist 1 COJTHIE pacIioNoKeHbI Ha OJ1-
HOW JIMHWH, TIJTaHEeTa HaxoAuTcsa Mexay ComHieM u 3eMIIEn;

> aJjoHranus (HamGosbiee ygaaenue) — ConHie, 3eMiis U IJ1aHeTa 00pa-
3YIOT MPSMOYTOJIbHBIA TPEYTOJIbHUK. B 3aBUCUMOCTH OT MOJIOKEHUS TJ1a-

HETbl OTHOCUTENBbHO COHIA PA3IMYalOT BOCTOUHYIO U 3alIaIHYI0 3JIOH-

raugvu. Yroj Mexay HamnpasieHueM Ha COJIHIIE U BHYTPEHHIOIO IIJIAHETY

omnpenesieTcss pacCcTostHueM OT 3emuid 10 mianetsl U Connua. Jins Mep-

KypHs 3TOT Yron Jexut B mpeaenax ot 17°30 mo 27°45°, nnst Benepsr —

ot 43° 10 48°.

Kondurypanum BHemnunx miadet (Puc. 3.3):

»> npotuBoctosinue — ComHile, 3eMiIsl U MJIaHeTa Pacrlo0KEHbI Ha OJTHOM

JIMHUU, TUTaHeTa HaxoAuTcs Mexay 3emicéit u ComnHieM (TU1aHeTa «Ipo-

TuBOCTOUT» COJIHITY);
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» coellMHEHMe — TUTAHeTa U 3eMJIsl PacIioIOKEeHbI Ha oHOM imHnK ¢ CoJH-
1IeM, HO T10 pa3HbI€ CTOPOHBI OT HETO;

> kBajapatypa (BoctouHas u 3anaaHasi) — ConHie, 3emMiIs U TU1aHeTa 00-
Pa3yIoT MPSIMOYTOJIbHBIA TPEYTOJIbHUK.

Opﬁ“Ta 39’““‘1/’_\ e '}‘\g‘jﬂ BHEOWHER NAAHSTH
™ N
/ Opbuta \\ , ] Op6uta 3emsn N\
y 1 BHYTPEHHei\ == N

/ §—_nnaHetsl  \
, / LN
\

(’ | ConHug'

3emna
Pucynok 3.2 Kondurypamnuu BHyTpeHHUX Pucynok 3.3 Kondurypanun BHEIIHUX
IiaHeT: 1 — BepxHee COeAMHEHUE; iaHeT: 1 —coequHenue; 2 — IpOTUBOCTOSHUE,
2 — HIDKHEE COSIMHEHHE; 3 — BOCTOYHAS 3 — BocTOYHAs KBajIparypa; 4 — 3amaHas
JIOHTalMs; 4 — 3amaiHas SJOHTalusl. KBaJparypa.

MHorue Beka JI0IU CYMUTAIM, YTO 3€MJIsl HEMOJBH)KHA M SBIIAETCS LEH-
TPOM MHpa, a Bce HeOecHble Tena oOpalaroTcss BOKpYr He€. Takoe MHUpOyCT-
POICTBO HOCHUT Ha3BaHUE reoleHTPpUYecKkol Moaean mupa. Hanbonee nomna
3Ta MOJIEJIb ONKCAaHa B Tpyaax rpedeckoro yu€éHoro Kmasausa Iltonemes, xuB-
mero B Anekcanapuu Bo |l Beke H.3., m03TOMY HacTo €€ Ha3bIBAIOT CHCTEMOM
mupa Iltonemesi. ClOXHBIN XapakTep BUIMMOIO JBUKEHUS IUIaHET Ha (oHE
3B€37 [ITonemeln 0OBACHST UX OJHOBPEMEHHBIM JIBUYKEHHUEM BOKPYT 3e€MJIH I10
OKPYXHOCTSIM pa3HOro nuamerpa: aedgepentam u amunukiaam (Puc. 3.4). [1na-
HEThl PAaBHOMEPHO JIBMXKYTCS IO SIULUKIAM. LIeHTpbl 3NIMIKKIIOB, B CBOKO O4Ye-
penb, ABMXKYTCS 1O JeepeHTam.

B snoxy Bo3poxaeHns npou3onuia peBoIoLHs U B aCTPOHOMUHN, U B MHU-
POBO33pEHUHU JIIO/IeH, U cBi3aHa oHa ¢ uMeHeM Hukonas Konepuuka (1473-
1543), npeayioxuBIIEr0 1 0OOCHOBABUIETO IeJTMOLEHTPHYECKYI0 MOJENIb MUpPa
(Puc. 3.5): B uentpe mupa Haxonurcs ConHile, IUTAHEThI, B TOM YUCJE U 3eMJI,
IBUKYTCS BOKpYr CoJIHIIAa 1O KpYroBbIM OopOUTaM. 3emiiss 00palaercs BOKPYT
CBOEH OCH 3a OJIHU 3BE3JIHBIE CYTKH, CICACTBUEM YETrO SBJISACTCA BUIAUMOE Bpa-
nieHrue HedecHoi cdepnl. Obpaienne 3emiiu BOKpyr CoJiHIIa 32 OJIUH 3BE3THBIM
roJl SBJSIETCS MPUYUHOM BUAMMOIO TojoBoro mnepemenienuss CoiHua cpeau
3BE3] 110 DKIIUNTHUKE.
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[IpomexyTok BpemMeHu 7, 3a KOTOpPBIM CBETHJIO COBEPIIACT IIOJHBIN
00OpPOT OTHOCHUTENIBHO 3BE37] BOKPYT JIPYroro HeOECHOTrO Tela, MPUHITOTO 3a
IJIaBHOE, HA3bIBAIOT CHAEPHYECKHMM TEPHOAOM OOpallleHusi CBCTHIIA.
HasBanue mpou3oIlnio OT JaTHHCKOro cjosa Sidus — 3pe3ga (sideris — pou.
naaex). Cungepuyeckuil TMepHoJ] TakXke HasbiBaloT roaoM. Cuaepuyeckuit
TIepro 1 0OpaIeHuss 3eMJIM Ha3bIBAIOT 3Be3AHBIM Toa0oM (73).

[TpoMexxyToKk BpeMeHH S MEXAy JBYMS  IOCIICIOBATCIbLHBIMA
OJTHOMMEHHBIMH  KOH(HTypalusIM{A CBETHJIA HA3bIBAIOT CHHOAUYECKUM
nepuoaoM ofpaiieHus cBeTmwia. Ha3BaHHMe MPOU3ONLIO OT JIPEBHETPEYECKOTO
CIIOBa, 03HAYAIOIIETO COMMKEHUE, COCTUHCHNE.

B e, an
Mﬂ B asg‘l.

. P —r s

r— \
-~ ~ \

— \

Pucynok 3.4 I'eonieHTprdeckas MOJENb MApa Pucynok 3.5 I'ennoneHTpuueckas
[Itonemes Mozens mupa KonepHuka

Jnst m000¥  TIaHEThl  CHOPABEAJIMBO yYpPaBHEHHE CHHOAHYECKOIrO

JBHMKCHUS:

- ‘1 - [3.1]

S [T T3
rie T — CUACPHUYECKUM TIepUoJ M S — CHHOJIWYECKUH TICPHOJ TIJIaHETHI,
T3 — cunepudeckuid (3BE3mHBIN) TOn 3emun, paBHbIA 365,2564 cpemaHux
COJIHEYHBIX CYTOK.

HNorann Kemnep, onupasice Ha cucteMy mupa KomepHuka u MCnonb3ys
pesyabtarsl 20-71eTHUX HaOMOAeHUN narckoro actpoHoma Tuxo bpare (1546-
1601) u cBonX HAOJIOACHUI 3a BUIUMBIM JBM)KeHHEM Mapca, chopMyupoBa
TPHU AMITUPUUYECKUX 3aKOHA IBUKEHUS IJIAHET, KOTOPBIE HOCST €TI0 UMS.

3akonbl Kemepa (B coBpeMeHHOM (hOpMYITHPOBKE):

1. IlnaHeTsl ABMXKYTCS TO DJIIUIICAM, B OJJHOM U3 (DOKYCOB KOTOPBIX, OOIIEM
JUIs1 BeeX IiaHeT, HaxoauTcs: CoJiHiie.

2. Pamnyc-BeKTOp TUTAaHETHI 32 PaBHBIE IPOMEKYTKH BPEMEHU OMHUCHIBACT PaB-
HOBEJIMKHUE TUJIOIIA/IN.

29



3. KBaapatsl cunepudeckux nepuoaoB oopaienuit (7) mianetr Bokpyr CosHiia

OTHOCATCS KaK KyObl OOJIBIINX MOJyOCeH (@) MX IUTMITUYCCKUX OPOUT:
3

T2
L& [3.2]
T2 a3
2 2

OpOuthl ianer CoNIHEYHOW CHUCTEMBI B MEPBOM MPUOIMKEHUH MOKHO
CUUTAThb OKPYKHOCTAMHU.

Haubonee Omm3kas K COJ'IHHy TOYKa 0p6I/ITI>I IIJIAHCTBI HA3bIBACTCSA
nepuresineM, HauOosiee ynaneHHas — adesmeM. 3eMisl MPOXOIUT MEPUTEITHIA

CBOEH OpOUTHI 6 sTHBApSI.

M

Lenrp anpunca

Acdchenuu

(A

Mepureni —

(rm

c CpenHee patcrodanue
nnadeTsl ot Condua (a)

Pucynok 3.7 Dnmnunrryeckas opouTa IIaHeThl

Bekrop, coemunsronuii ConHIle M IUIaHETY Ha €€ opOMTe Has3bIBaeTCs
paamyc-BekTopoMm 1uianetsl (Puc. 3.7). Paccrosuue ot mmanetsl g0 CouHia
paBHO:

B TICPUTEITHH q=a(l-e),

B adenu Q=a(l+e),
rae a— 0oJibIlasi MOJIyOCh OPOUTHI, € — SKCIIEHTPUCHUTET.
DKCIEHTPUCUTET XapaKTePU3yeT OTKIOHECHHE DIIIUIICA OT OKPYXKHOCTH: YeM
OOJIbIlIE DKCUEHTPUCHUTET, TeM Oo0jee BBITIHYT DJUIUIC (WIA CIUTIOLIEHA
OKpPY>KHOCTB). Y okpykHOCTH € = 0.
3a cpenHee pacctosiHue TuiaHeThl OT CoJIHIIA MPUHUMAETC OOJIbIIas MOJyOoCh

OpOUTHI a= a+Q :
2
[To3znnee Ncaak HeroToH mokasan, uyTo 3akoHbl Kemepa gBisitoTcs cnen-
CTBUEM 3aKOHAa BCEMHUPHOTO TATOTEHHUS: CUJIAa NPUTSKEHUA, NCHCTBYIOIIAs Ha
mIaHeTbl co croponbl CouHIla, yObIBAET 0OpAaTHO MPOMOPIIMOHATBHO KBAApaTy
PACCTOSIHUSI MEK]ly STUMU TEJIaMHU.
3aK0H BCEMUPHOTO TATOTEHUS:
FeMM g
rae My, M, — maccel Ten, ' — paccTosIHUE MEXKY UX [IEHTPaMU,

1 2. 2
G =6,67-10"" H'™M® ‘kr'* — epasumayuonnas nocmoaHHas.
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W. Heroron 0600mmn u yrounun 3akoHbl Kemepa. 3akonsl Kerepa B
dbopmynupoBke HbroTOHA TPUBEACHBI HIKE:
1-i1 yrounénnbiii 3akoH Kemiepa: B rpaBuTaliioHHO CBsI3aHHOM cucTteme Teio B
JIBUKETCS TI0 AJUTUIICY, B OJTHOM U3 (POKYCOB KOTOPOTO HAXOAUTCS Telao A. DKc-
HEHTPUCUTET DJUTUIICA ONPEEIIAETCS 3HAYEHUEM TTOJTHOM MEXaHUYECKOM SHEPTUu
E cucremsl. B rpaBUTallnOHHO HECBA3aHHON CUCTEME TEJIO ABMXKETCS IO mapado-
ne (E = 0) wu runiep6oiie (£ > 0), B pokyce KOTOPHIX HAXOAUTCS TEIO A.
3-1i yrounéHHbIi 3ak0H Kerepa: OTtHomieHne KyOa OOJBIION TMOMYyOCH TUTaHEeT-
HOW OpOUTHI K KBaJpaTy Imepuoaa oOparieHus miaHetsl BOKpyr CosHIa paBHO
cymme Macc COJTHIA U TJIAHETHI:

3
1"’_‘2 = 4(73[2 (M, +m)[3.4]

Tpernit yrouHEHHBIN 3akOH Keruiepa mo3BOJIAET HEMOCPEICTBEHHO OIPEHENATH
Maccy HEeOECHBIX Tell.

3aKOH BCEMHUPHOIO TATOTEHHUS IMO3BOJISIET PACCUMTATh TPAEKTOPHH [BH-
JKeHUSI KOCMUYEeCKHX alIapaTos.

JI1st 3armycka KOCMAYECKOTO anmnapara Ha OKOJIOIUIAHETHYIO KPYTOBYIO Op-
OUTY €My HY>KHO COOOITUTH MEPBYI0 KOCMUYECKYI0 CKOPOCTh

v, = |M [3.5]
R
Has 3emmu V, = 7900 m/c = 8 xm/c.
Jliig Toro, 4ToObl KOCMUYECKUH anmapaT Npeo10Jie] TpaBUTALMOHHOE MTPH-
TSOKEHUE HEOECHOTO Tejla W HaBCer/a MOKHHYJ €ro, eMy HYXKHO COOOIIUTH BTO-

PYI0 KOCMUYECKYH0 CKOPOCTD!

V= [2 V2, 36
Hos 3emmn V, = 11,2 xm/c.
Bonpocsl, 3a1aHus U yIpasKHEHUsI
ba3oBblii ypoBeHb CJI05KHOCTH

3.1. ChopmynupyiiTe OCHOBHBIC ITOJOKEHUS crucTeMbl Mupa KonepHuka.

3.2. Kak reomeHTpuyeckas cucreMa Mupa OOBSCHAET, mouemy Mepkypuii u
Benepa ne Mmoryr ymanstees ot ConHia Ha Hebe Gonee yem Ha 28° u 48°
COOTBETCTBEHHO?

3.3. Mup — Bcenennas — He orpannuyuBaercs ConmHedHou cuctemoil. Ilouemy
MBI TOBOPHM «T€OLIEHTpUYECKas (MU TeTMOLIEHTPUYECKAS) cucmema mupa»?
3.4. JlaiiTe omnpenencHUE CUHOAMYECKOMY U CHUAEPUYECKOMY NEpPHOJIaM
oOpareHus.

3.5. CpaBHUTE CKOPOCTU JBUKEHUS IJIaHET B ad)eIUU U B TIEPUTEITUH.

3.6. [Touemy Mepkypuit Tpy1HO HAOII01aTh?
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3.7. Kakue naOmoaenus [amuneo [amuness ObliM HamboJee BaXKHBI JiA
JTI0Ka3aTeNIbCTBa MPABUIILHOCTH TeNUOIIEHTpUYecKor Moaenu Mupa? OObsICHUTE,
noyemy.
3.8. OObsicHUTE, HCHONB3YSd PHUCYHKH, NPSIMOE U TIOMSITHOE JBUXKECHHUE
BHYTPEHHE M BHEIIHEH TIUIAHEThI C TOYKH 3PEHHUS TeIMOIEHTPUYECKOU
CHUCTEMBI MHpA.

IHoBbIICHHBIN YPOBEHb CJIOKHOCTH
3.9. Unes renuolieHTpU3Ma BBHICKa3bIBATUCH YUEHBIMH U (pustocodamu [IpeBHeit
['perun, B wactHoctH, Apucrapxom CamocckuM. [loueMy remmoneHTpruecKast
CHCTEMa MUpa He TOy4YniIa MOAEPKKH U MIPU3HAHUS B T€ JaBHUE BpeMeHa?
3.10. Kakue nHayuHble OTKpBITUS ObUIM ObI HEBO3MOXXHBI, €CIH OBl HE ObLIa
MpU3HaHA FeJIMOLEHTPUYECcKasi cuctema?
3.11. Ilouemy roBopsT, 4TO cuctemMa Mupa KonepHrka coBepIinia peBOJIIOLUIO
B €CTECTBO3HAHNUU?
3.12. Kakue qBUKEHHSI BKIIOYAIOTCS B IOHATUE «CUHOJIUYECKUI EpruoI»?
3.13. CocTaBbTe CIMCOK BaXKHEHIINX COOBITUN B OCBOEHUH KOCMOCA.
3.14. [lelicTByeT M HA KOCMOHABTOB CHUJIA TSHXKECTU?

Bricokuil ypoBeHb CI105KHOCTH

3.15. Tlo nanHbiM HaOmoaeHuit 3a Benepoii B anmonranmu Hukonait Konepauk
ONpENENNl OTHOCHUTENIbHBIE paccTossHus 3emuin U Beneper or Connua.
[ToBTOpHUTE €T0 BHIYUCICHHS.
3.16. Haiigute OTHOLIEHWE NPOAOJDKUTEIBHOCTEM NPSMOTO M IOIMATHOTO
JIBW>)KCHUM BHYTPEHHEH IIAHETHI 32 OJUH CHHOIWYECKUU nepuoa. byner nu 3to
OTHOUIEHUE TAKUM K€ JIJI1 BHEIIHEHN TIJIaHETHI?
3.17. IlpencraBbTe, 4TO CWiIa TATOTEHHUS TepecTajia JeMCcTBOBaTh. bymyT nu
BBINOJIHATHCS 3akoHbI Kernepa? Kak B 3ToM ciyyae OyayT IBUraThCs IUIAHETHI?
3.18. Tpebyercs mepeBecTH UCKYCCTBEHHBIN CITyTHUK 3eMJIH Ha 00JIe€ BBICOKYIO
opoutry. Kak 1 3TOro HYXHO H3MEHUTh €ro CKOPOCTb: YBEJIWYUTh WIU
YMEHBIIUTH?
3.19. Yro Takoe reocTaliiOHapHBIA CIyTHUK W JJI Y€r0 OH MpeIHa3Ha4YeH?
3.20. TlocTpoiiTe KEmIEpOBCKYIO TPACKTOPHIO (YacTh JIUIMICA) TMOJETA
KOCMHMYECKOT0 anmnapara K JIlyHe, BHyTpeHHEN 1 BHEIIHEN TUIaHETAM.

IIpuMepsI pelieHus 3a1a4

IMpumep 3.1. Ot Connua 1o Carypsa B 9,5 pa3 pansiie, yem 10 3emiu. Onpee-
JIUTE MPOJAOKUTENLHOCTH rojia Ha CaTypHe, cuuTasi OpOUTHI IIAHET KPYTOBBIMH.

lano: Pewenue: Vcnionb3yem popmyny 3 3akona Kemiepa
az;=1a.e. 2 3
’ T &, 1 :L T :«/(9,5)3 =,/857,375 = 29,28

a=95ae | T2 43’ T2 3
’ T° a T
T 3= 1 roj (9’ 5)
-7 OTtBeT: mpOoAOKUTENBHOCTh Toga Ha CaTypHe cocrtaBisier 29,28

3CMHBIX JICT.
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HOJIY‘ICHHBIﬁ B 3aa4c pE3yJibTaT OTINYACTCA OT T8.6J'II/I‘IHOFO, TaK KaK MbI HC-
ITIOJIB30BaAJIN HpI/I6J'II/I)KéHHOC 3HAYCHUC OTHOCUTCIIbHOI'O PACCTOAHUA 10 CaTypHa.

IMpumep 3.2. Cunepuyeckuil (3BE31HBIN) niepro1 oopaiienuss CatypHa cocTaBisi-
et 29,5 ner. Onpenenute, yepe3 Kakol MPOMEKYTOK BPEMEHU MOBTOPSIFOTCS €T0
TPOTUBOCTOSTHHSL.

/lano: Pewenue: Vcnionb3yeM ypaBHEHHE CHHOIUYECKOTO JBHKCHMS,
T3=1ro1 yuuThIBast, uto ' > T;.
T=29,5 ner
S-7? 11 1 LT
S T, T T-T,
1.2
S= 9.5 =1,035rona = 378 nueit

- 29,5-1
Otsert: npotuBocTOsIHKS CaTypHa MOBTOPSIOTCA yepes 378 nHel.

Ipumep 3.3. Beruncaum maccy CoiHIa, UCnosib3ys naHHble 0 JlyHe n 3emie u
TpPETH1 YTOUHEHHBIN 3aKk0oH Kerepa.

/lamno: Pewenue: 3anuiem tpetuil 3akoH Kemiepa npruMeHUTENHHO
az=1,5 10° km k cucreme Comnile — 3eMiis U k cucteme 3emitst — JIyHa.
5
ar=3,8410" km as G as G
— —=——(M_+M,);, L= M, +M

T3 =365 cyTok T? 47[2( o 3) T? 2( 3 ﬂ)
T;=27,5 cyTok

o4 Macca ComHila MHOTO OOJIbIIIE MacChl 3€MJIM, @ Macca 3eMIIH,
M ;=6 10" kr
Mo —? B CBOIO 04epeib, MHOTO OoJibiiie Macchl JIynsl. [ToaTomy B

MIEPBOM BBIPAKEHUH MOXHO MPEeHeOpeub Maccoi 3eMiii, a BO BTOPOM — Maccoi

Jlynsl. [logenum nepBoe BbIpakeHHE HAa BTOPOE U MOTYYHUM:
3 2
a T
_| Y i
M o= _T M
a, 3

(1,510° Y (27,5
© 1(384-10° ) \ 365

OrtBer: Macca Conrra cocrasisier 2 * 10% kr, 4ro B 330 000 pa3 NpEeBBIIIAECT Mac-
cy 3emJn.

3

2
) 6-10* ~2-10* kr

3agaum 0a30BOr0 YPOBHS CJI0KHOCTH
3.21. Omnpenenure CUHOAMYECKUM TEpUOa OOpalieHus TJIaHeThI, 3BE3JHBIN
nepuoJi kKotopou cocrasiisieT 370 nHE.
3.22. TIpoTHBOCTOSIHUSI HEKOTOPOM IUIAHEThI MOBTOpstOTC uepe3 1,5 ropa.
Brrancnure cuaepuyecKui epruol 3TOM MIaHETHI.
3.23. Beruncnure 3BE3aHBIN niepuo1 oOpamienus Beneps! Bokpyr CoiHila, eciu
BepxHUE coequHenus e€ ¢ ConHIeM MOBTOPSAOTCS Kaxasie 1,6 roaa.
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3.24. VIcKyCCTBEHHBIN CIIYTHUK 3e€MJIM JIBHXKETCS 0 JUTMITHYECKONU opouTe. B
KAKUX TOYKax oOpOUTHl mNoTeHuuanbHass »3Heprus MC3 (a) makcuMmanbHa,
(6)mmaManbHa? OTBET MOSCHUTE.

3.25. B Kakux TOYKax OIJUIUNTHYECKOM OpOUTHI KUHETHYECKas SHEPrus
UCKYCCTBEHHOI'O CIyTHUKa 3emiu (a) MUHHMAajbHa, (06) mMakcumanbHa? OTBET
MOSICHUTE.

3.26. Omnpenenute nepuoxa obpamenuss MC3, Oonpmias Mmoayock OpOUTHI
KoToporo paBHa 7400 kwm.

3aauM NOBBIILIEHHOT0 YPOBHS CJI0KHOCTH
3.27. Omad Pémep ompenenun CKOPOCTh CBETa, HAOMIOAAs 3aTMEHUS CITyTHUKOB
Onurepa. OH omnpenenws, 4YTO NPOMEKYTOK BPEMEHHM MEXIY JBYMS
MoCJIeIOBAaTeIbHBIMA 3aTMEHUsAMH o B TeueHHWe TOJa U3MEHSETCS OT
MUHHAMAJIBHOTO 3HadeHus t; = 42°28Y21° no maxcumanpHOro t, = 42°28"51°,
OmnpenenuTe 1O 3TUM JaHHBIM CKOPOCTh CBETA.
3.28. Ilepuon obparmienus: Bokpyr CatypHa ero CryTHUKA DHIIENIA]] COCTABIISIET
1,4 3eMHBIX CYTOK, a OojbIIas MOJyOoCh €ro opOuThl paBHa 4 paauycam
Carypna. OueHuTe CpeHIo IIoTHOCTh CarypHa.
3.29. TI'ymanounsl ¢ TmJIaHETHI, OOpamaromEeNcs BOKPYT COJHIIETIOTO0HOM
3BE3/Ibl, y3HAJIM, YTO paJuyc OpOUTHI MX IUIAHETHl B 4 pasza OoJjblle, 4Yem
paccrositnue ot 3emui 10 Connua. KakoBa gnvHa rojga Ha 3TOM MIJaHETE B
3€MHBIX rojax”?
3.30. OpOuTanbHbIi IepHOT KOMETHI ['asuiest paBeH 76 JieT, paccTosiHue 10 He€ B
nepurenuu pasHo 0,6 a.e. KakoBo paccTostHue 10 komeTsl ['anmes B apenuu?

3aga4u BHICOKOI0 YPOBHS CJI0KHOCTH
3.31. [uBunm3anus oOMTaeT Ha IUTaHETEe, OOpaIaroIIeicss BOKPYT 3BE3/bI IO
KPYroBoii opbute paamyca 3,6-10° km. YrioBoii auamerp mucka 3Be3sl Ha HeGe
IUIaHETHI paBeH 1°, a rox Ha 31oi Iuianete npoaosnkaercs 200 3eMHBIX CYTOK.
OueHure CpeHIO TIOTHOCTH 3Be34bl. Cpennss minotHocTh ConHua paBsHa 1,4
r/em’.
3.32. ConHile ABMXKETCS IO MOYTH KPYroBOi opOuTe BOKPYT IeHTpa ["anakTuku
Ha paccTostHuu 26000 CBETOBBIX JIET OT HETO ¢ OPOUTAILHONW CKOPOCTHIO OKOJIO
240 xwm/c. Bprumcnure UEHTPOCTPEMUTENIBHOE YCKOPEHHE U OpOUTAIBbHBIN
nepuoa Comnia. Mcronb3ys nojydeHHbIE JaHHbIE, OLIEHUTE Maccy [ anakTHKy.
3.33. IlyremectBys o BcelieHHON, KOCMOHABTBI COBEPIUWIN BBIHYKJICHHYIO
MOCAJKy Ha IUJIAHETE, Macca W pa3Mepbl KOTOPOM B S5 pa3 MEHbBIIE 3E€MHBIX.
[Tocne oxoHYaHMSI PEMOHTHBIX PabOT OOPTOBON KOMMBIOTEP COOOIIWI, YTO
OCTaBIIETOCS TOIUIMBA JIOCTATOYHO, YTOOBI Pa3BUTh CKOPOCTh 8,1 kM/c. CmoryT
JIM KOCMOHABTHI MOKUHYTH IIJIaHETY?
3.34. VckycCTBEHHBI CHYTHUK OOpaIaeTcs BOKPYT HEKOTOPOU IIJIAHETHI 1O
KpyroBoii opoure. Bo CKOIbKO HYKHO YBEIMUYUTH CKOPOCTb €0 JIBUKEHUS IS
nepeBoJila Ha JIUIMNTHYECKYr0 opouty ¢ skcueHtpucutetom 0,37 Touka
U3MEHEHUSI CKOPOCTH JIOJKHA CTaTh IEPUTeeM HOBOM OpOUTHI.
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3ajanus IS CAaMOCTOSAITEJIbHOM PadoThI

C3.1. JloBosbHO 4YacTO B  HAay4YHO-()aHTACTUUECKUX  IPOU3BEICHUSX
HENPAaBUJIBHO HCHOJIB3YIOT (hU3MUecKHe 3aKkoHbl. [IpuBeaute mpumepbl TakUx
ook, ucnoin3ys aanabiec NASA: https://er.jsc.nasa.gov/seh/lawerr.html.
C3.2. Ucnonb3ys aCTPOHOMUYECKHI KaJeHAaph Ha TEKYLIUM IO, ONpEaeIuTe
natel, korna Mape, IOnutep n CatypH OyayT B MPOTHBOCTOSIHUUA. MOKHO 11
Oyzaet HaOMOIaTh TJIAHETH HA HOYHOM HeOe B 3TH MOMEHTHI? 3a Kakoe Bpems
70 TPOTHUBOCTOSTHUSI Y KaXIOM W3 JTUX IJIAHET HAYMHAETCS PETPOrpagHoe
nBrxeHne? Yepes kakoe BpeMsi C MOMEHTa MMPOTUBOCTOSIHUSA OHO 3aKOHYHUTCS?

4. COJTHEYHASA CUCTEMA
OcHOBHBIC IOHATHSA, 3AKOHBI U GOPMYJIbI

ConHeyHas cuctema BKIIIOUAeT B ce0s LEHTpaibHyIO 3Be31y — ComHIle, U
HeOECHbIE TeJla, KOTOpPbIE IBUXKYTCS BOKpYT Hero. CollHLle — caMOe MacCUBHOE
tesio CoJIHEUHOM cucTeMbl, B HEM cocpenoTodueHo 99,866% Bcell e€ macchl,
MMEHHO OHO J1aJI0 €l Ha3BaHHUE U OIpEAEIIeT IPOUCXO0KICHNE, 3BOJIIOLMNIO, 3a-
KOHBI JIBMDKCHHS BCEX TEJl, BXOSAIIUX B CUCTEMY.

Bokpyr Connma ob6pamarorces 8 miaaner: Mepkypuii, Benepa, 3emus,
Mapc, IOnurep, CatypH, Ypan, Henryn. Ilinaneroi Ha3bIBaeTCs T€JI0, KOTOPOE
JBUKETCA 110 opouTe BOKpyr CoiiHLa; 00JagaeT T0CTaTOYHOM Maccoil s TOTo,
YTOOBI MO/ IEUCTBUEM COOCTBEHHOW CHJIBI T'PABUTAIIMU MOAJIEPKUBATh THAPO-
CTaTUYECKOE PABHOBECHME W MMETh I1IAapooOpa3Hyro (opMmy; JOMUHHUPYET Ha
CBOI opOuTeE, T.€. CIOCOOHA PACUUCTUTDH MPUJIETAIOIIEe MPOCTPAHCTBO OT JIPY-
rux Tten’. Bee mmaHetsr oGpanmtaiorcs Bokpyr CONHIA B OZHOM HAIPABICHHH.
Haksionenne uMx OpOMT K IJIOCKOCTH SKJIMITHKH HE MpeBbimaeT 7° (HauboIb-
1M HAKJIOH Y OpOUTHI MepKypusi).

[Tnanetsr monpazaenstor Ha (1) miIaHeTsHl 3eMHOM rpynnsbl 1 (2) njaxe-
Thl rpynnbsl FOnurepa (nIpyroe Ha3BaHHWE — IUIAHETBHI-TUTAHTBI). [lIaHeThI
3eMHO# rpymnnsl — Mepkypuii, Benepa, 3emisi, Mapc: pacnonoXeHbl BHYTPH
nosica acTepOMJIOB; HMMEIOT OOJBIIYI0 CPEIHIO IUIOTHOCTh BellecTBa (OT
3,510° kr/m® mo 5,5:10° kr/m’), cpaBHHTENBHO (OTHOCHTENBHO ILIAHET-
TMT'aHTOB) MEJICHHOE BpallleHue, 00J1a/1al0T CXOJAHBIM CTPOCHUEM.

[Inaners! rpynnel FOnuTepa — IOnurep, Catyps, Ypan, Hentyn; maccus-
Hee TUJIaHeT 3€MHOM TpyNIbl B JECATKH M COTHU pa3, HO UX MJIOTHOCTH 3HAYU-
TEJIbHO MEHBIIE, YeM Yy IJIAHET 3€MHOM IPYIIIbl; OHU SIBJISIOTCS Ta30BbIMU Te-
JaMU: COCTOSIT U3 BOJIOPOJA U TSl C HE3HAUYUTEIbHBIMU PUMECSIMU JPYTUX
AJIEMEHTOB. Bce TIaHeThI-TUraHThl UMEIOT CUJIbHBIE MarHUTHBIE TIOJIS, OKpYXKe-
HbI KOJIbIIAMH 1 MHOKECTBOM CITyTHUKOB.

! Onpenencrue MmoHSTHS IUIaHETa MPHHSATO MEKIYHAPOIHBIM aCTPOHOMHYECKHM COKO30M
(MAC, anrn. IAU) B 2006 rony.
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KapankoBble miaHeTbl — KJacc 00BEKTOB, KOTOPBI ObUT BblJEeH Me-
XKIyHapoaHbIM acTpoHoMudeckuM corozoM (MAC) B 2006 rony. B sty rpynmy
BXOJIAT TeJa, KOTOPbIE BHXKYTCS Mo opoute Bokpyr CoiHua; 00j1agaroT A0cTa-
TOYHOM MacCcoM JJig TOTO, YTOOBI MO IEUCTBUEM COOCTBEHHOW CHUJIbI FpaBUTA-
MU TOJIEPKUBATh TUAPOCTATUYECKOE PABHOBECHE U MMETh IIaApOOOpa3HYIO
dbopMy; BOIM3U CBOEH OPOUTHI HE UMEIOT MPOCTPAHCTBA, CBOOOTHOTO OT APYTUX
TE€J; HE ABJISIIOTCA COyTHUKOM. K KapnukoBBIM IU1aHeTaM OoTHOcutTcs I[lmyTow,
kotopsiil 10 2006 rona cunrancs mwianerou, lepepa (mo 2006 roga — actepoun),
Opuna, Xaymea, Makemake u apyrue. Yuciao KapiuWKOBBIX TUIAHET MOCTOSHHO
YBEJIIMYUBACTCS, TaK KaK B HanEkux obnactsax CoMHEYHON CUCTEMBbI HaXOIsIT HO-
BbIE OOBEKTHI.

K maabim Tessam ConHEUYHON CHCTEMBI OTHOCSITCSI ACTEPOUIBI, KOMETHI,
METEOPOUIbI (APYyroe Ha3BaHUE — METCOPHBIE TEIA).

OtnenpHas rpynna ten CoOJIHEUHOW CHUCTEMBbI — CIIYyTHUKH IUiaHeT. Ha
HacToslee BpeMs ux u3BecTHO Oosiee 60. Cpenu HMX €CTh Kak HEOOJbLIUE
(doboc u Jleitmoc — criyTHUKUA Mapca), Tak U CpaBHUMBIE 110 pa3mepam ¢ Mep-
KypueM. Kak n3BecTHO, popMy HEOECHOIO Tena OIpEeNessieT €ro Macca: eciu
Macca Tella paBHa wim Gombure 10Y kr, To oz AeicTBHEM COOCTBEHHOI TPaBH-
TallMi OHO NMpUHUMaeET chepuueckyto popmy. Hanpumep, macca JIynst 7,35 10%
KT, Macca cryTHHKa Mapca ®ob6oca — 1,310 kr; JIyna — Teno cdepraeckoit
(dbopmbl, DOOOC BBINIAINUT KaK OTPOMHBII KAMEHb.

Acrepouansl — manble Tena COJIHEUHOM CHUCTEMBI, MAacChl M pa3MeEphI
KOTOPBIX 3HAYMUTEIHLHO MEHBIIE, YEM Y IUIAHET M KapJMKOBBIX IJaHeT. Macca
CpEIIHEro acTepouja Maja, MOATOMY OHU HE UMEIT chepruieckoil (HOpMBbI.
OcHOBHOI MeTOJ; OOHapyKeHHs acTepouaoB — (ororpaduyeckuif. ITH
OOBEKTHl BBINVISIAAT Kak ciabble 3BE3NMbI (OTCIOJa Ha3BaHUE: AaCTEPOUT —
3BE3/I0MOI00HBIN), HO newkyrcs Ha (DoHE 3BE3M. Hekoropble aCTEPOMIIBI MMEIOT
CIIYTHHKH. Pa3Mepbl acTepOMIOB OIPEHCISIOT, HAONIOAAs MOKPBHITHS ~ HMH
3BE3L.

ConHLle yAepKHBAaeT CBOMM TATOTEHHEM Bce KOMIOHEHTHI CONHEYHON
CUCTEMBI, UX JBUXEHUE OMHChIBaeTcs 3akoHamu Kerutepa. Mexay opOutamu
Mapca u FOnurepa pacnoioKeH nosic acTepouao0B.

Iosic Koiinepa — nuckooOpa3Hasi 00JacTh pacIojoKeHa 3a OpOUTOM
Henryna u npoctupaercs npumepHo ot 30 go 100 a.e. B Helt HaxoxsATCa Kapiau-
KOBbIE TIJIaHETHI (10 KpaiiHel Mepe, dyetbipe: [lnyron, Xaymea, Makemake, Dpu-
11a), COAEPKUTCA MHOKECTBO HEOOIBIINX JEISIHBIX TEll.

ConHedHast cucTeMa OKpY>KE€HO TMIOTeTUYeCKUM 00aakomM Qopra, KOTo-
poe uMeeT chepruuecKyro GopMy U SBISETCS UCTOYHUKOM J0JITONEPHUOIUYECKUX
koMeT. Ha Hactosmuit MOMEHT HeT yOeIUTeNbHBIX JI0Ka3aTeIbCTB CYIIeCTBOBA-
Hus obaka OopTa, Kak HET U (PaKTOB, JOKA3BIBAIOIINX €r0 OTCyTcTBUE. CunTa-
ercs, uro CoiHeuHasl cucTemMa 3akaH4uMBaeTcsl Tam, riae nputsbkeHue CosHia

2
[TokppITHE — 3TO ACTPOHOMHUYECKOE SIBICHUE, 3aKII0YaroIIeecs B HAOMI01aeMOM 3aKphIBa-
HUU OJTHOTO HEOECHOTO 00BEKTa APYTHUM.
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nepecTaéT ObITh JTOMUHUPYIOIIMM M CTAHOBUTCS CPABHUMBIM C MPUTSHKEHHEM
IpYrux 3B€31. ACTPOHOMBI OLIEHUBAIOT pa3Mepbl COMHEUHON CUCTEMBI B MpEJe-
nax 100-300 a.e.

Komerbl — Manbie Tena CoOJIHEUHOM CHCTEMbI, KOTOPBIE IBUXKYTCS IO
CUJILHO BBITSAHYTBIM OpOMTaM M PE3KO MEHSIOT CBOW BHUJ OT TYMaHHBIX, CI1a00
CBETAIIUXCS OOBEKTOB JI0 SIPKUX «XBOCTATBIX 3BE3) MO Mepe NMPHOIMKEHUS K
Connity. Ha3Banue komMeTa MPOUCXOAMUT OT TPeyecKoro cioBa kometes, KoTopoe
NEPCBOANTCA KaK r]_'[J'H/IHHOBOJ'IOCBII‘/II.

B ConneuHoii cucreMe ABUKETCS MHOXKECTBO MEJIKUX TeJl M YacTHll, Mo-
TEePSAHHBIX KoMeTaMH. KocMuyeckune 4acTuilbl, KOTOPHIE €I1le HEe BOIUIM B aTMO-
chepy 3emin, Ha3pIBalOT MeTeopouaamu. Korma mereopous BXOIUT B aTMO-
cdepy, Mbl HaOIIOJJaEM aCTPOHOMHUYECKOE SIBICHUE — MeTeOop. DTO SIBJICHUE BbI-
3BaHO BTOpP>KEHUEM B aTMocdepy 3eMiid TBEPBIX MaJIbIX MO pa3MepaM KOCMHU-
YECKHUX TeJ, KOTOPhIC ABUKYTCS ¢ OOJBIIMMU CKOpPOCTAMU (0T 11 KM/C U BhIIIIE)
B arMoc(epe 3emiH, BbI3bIBasST MOHU3AIUIO MOJIEKYJ U BO30YXKICHHE aTOMOB
BO3]lyXa, 4TO, B CBOIO OU€pe/lb, MPUBOJUT K HAOIIOJAEMOMY SIPKOMY METEOPHO-
My cieny. [Ipu HaOIIO€HUM METEOPOB BUHO, YTO BCE OHM UCXOJAT U3 OJHOIO
MecTa (TOYKH) Ha HeOe, KOTOPhIN Ha3bIBACTCS PAJMAHTOM METECOPHOTO MOTOKA.

PannanT mMeTeopHOro moToKa MPOEHUPYETCS B OMPEACIIEHHOE MECTO Ha
HeOe. [lomoOHO TOMy, Kak HEOECHbIM OOBEKTaM NPHCBAUBACTCS «aIpPec» —
CO3BE€3/IM€, B KOTOPOM OOBEKT HAOIIOAACTCS, METEOPHBIC TOTOKH HA3BIBAIOT TIO
MMEHaM CO3BE3/IUH, B KOTOpPbIE MPOCHUPYIOTCS UX paauaHThl: Jleonuast (Jles),
[Tepcenast (Ilepceit) u T.1. Beero B TeueHne roga MO>XHO Ha0Ir01aTh OKoJIo 12
METEOPHBIX MOTOKOB.

Ouyens sApkuii MeTeop HasbiBaloT OojamaoM. I[lo spkoctu OGonup
MIPEBOCXOUT Bce HabrogaeMble HeOecHbIe 00BeKThl, kpoMme JIynsl u ComnHua, u
WHOTJIa HaOro1aeTcs Jake THEM, 4acTO OCTaBIIsAs MOCie ce0si IBIMHBIN Clie] U
myM. YacTh METEOpHBIX TEJ CropaeT B aTrmocdepe 3eMiiu, HO HEPEeIKO HX
JIBIDKCHUE 3aKaHYMBACTCS TaJICHUEM, U TOrJja Ha 3eMJie HaXOAT METEOPUTHI —
TBEpJIbIC Te€Ja ECTECTBEHHOTO MPOUCXOXKICHHUSI, YIaBIIME Ha TOBEPXHOCTh
3eMIIM U3 KOCMOcA.

ConHedHas cucTema He SIBJISI€TCS YHUKAJIBHOM: MIJIaHEThl CYIIECTBYIOT U Y
JIpYruX 3BE31. DTH «HECOJHEYHBIC» IJIAHEThl HA3bIBAIOT IK30ILIaHeTamMu. K
HacTosimeMy BpeMeHu ux oOHapykeHo cBbimie 4000. Cerogusi yu€Hble MOTYT
ONpPENENATh MAaCChl AK30IIAHET, PACCTOSIHUS 10 3BE3/l, BOKPYT KOTOPBIX OHHU
oOpamaroTcsi. YacTh OTKPBITHIX AK30IUJIAHET MOXO0XKM Ha Hally 3eMJIo, Ha HHUX
MOTYT OBITH YCJIOBUS [JI1 BO3HHKHOBEHHUS >XKU3HU. (OCHOBHBIM YCIOBHEM
BO3HUKHOBEHHUS KU3HM 3E€MHOI0 THUIA CUUTACTCS HAJIMYME HA TOBEPXHOCTH
MJIaHETHI OOJIBIIOrO KOJWYECTBa BOABL. [Ipo Takue miaHEThl TOBOPAT, UTO OHU
HaXOIITCSA B 30He 00MTAEMOCTH.

YenmoBek He TepseT HauekAbl OOHAPYKUTh BHE3EMHYIO O KH3Hb.
Kocmuueckue amnmapatsl uccienytor teina COMHEYHOM CHCTEMbl, MPOBOAMTCS
MPOCIYIIMBAHUE KOCMHYECKOI0 MPOCTPAHCTBA, MOCHUIAIOTCS 3aKOJAMPOBAHHBIC
nocjaaHus B Te o0aactu ["amakTuku, rie Hanbojee BeposSTHA KU3Hb.
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Bomnpocsl, 3aganus U ynpaKHeHUst
ba3oBblil YPOBEHBb CJI0KHOCTH

4.1. Ilepeuncnure muaHeTsl COJHEYHON CHCTEMBI B MOPSIIKE BO3pacTaHUs pa-
Jyca ux opOuT.

4.2. Ilouemy Ha OBEpXHOCTH BeHepbl TemmepaTypa BBIILLIE, UEM Ha MOBEPXHO-
cti Mepkypusi?

4.3. MokeT 11 KOCMUYECKUH KOpabiib CeCcTh Ha TOBEPXHOCTh Y paHa?

4.4. OOBSICHUTE Pa3HUILy MEXAY METEOPOUIOM, METEOPOM U METECOPUTOM.

4.5. IlepeuncauTe OTANYMS TUIAHET-TUTAHTOB OT IUIAHET 3€MHOW TPYIIIIHI.

4.6. JlaiiTe onpeneneHne KapaukoBoil mianeTsl. [louemy IImyToH «OHM3UINY B
KApJIMKOBYIO IIJIaHETY?

4.7. MoxHo 1 Ha Mepkypuu HaOmonaTh MeTeopbl? OTBET MOSCHUTE.

4.8. OnuiuTe, Kak BBINIAIUT M1aHeTa npu npubmkenun Kk ConHiy. [Touemy
XBOCT KOMETHI HampasieH oT ConHia?

IoBbILICHHBIA YPOBEHb CJIOKHOCTH

4.9. Kakue BBIBOJIBI O CTPOCHHH U BHYTPEHHEM cocTaBe MepKypHs MOXKHO clie-
JaTh HAa OCHOBAHUU CJIEAYIONIeTro ¢akTa: CpeaHss IIOTHOCTh MepKypus IMpu-
MepHO B 1,5 pa3a Goubliie, yeM CpeaHss MIOTHOCTh JIYHBI, TOT/Ia KaK paguycChl
9THX HeOeCHBIE Tela ITOYTH OJUHAKOBEI.

4.10. Kakne HaOmrogaTelbHbIE JAaHHBIE MO3BOJIMIIMA CHIE€NIaTh BBIBOJ O TOM, YTO
[JIAHETBI-TUTaHTHI COCTOST U3 ras3a’?

4.11. Kaxkast u3 mnaner CoJIHEUHOM CHCTEMBI MOTJIa Obl TIaBaTh B BOOOpaXkae-
MOM THT'aHTCKOM OKeaHe?

4.12. Tlouemy TaHETHl W OOJBIIMHCTBO CIIYTHUKOB IUIAHET MMEIOT cdepuue-
CKy10 (hopMy, TOT/1a KaK MHOTHE aCTEPOUIBI BBITVISIAT KaK OTPOMHBIC KaMHU?
4.13. Ha xakux mnaHerax CoOJIHEUHOW CHCTEMbI HaOJIOAIOTCS IMOJISIPHBIE CHS-
Hug?

4.14. KakoBa CBsI3b KOMET C METCOPHBIMH JIOKIIMHU?

4.15. TloueMy MeTEOpHbIE TOTOKH HAOIIOIA0TCS €KETOJHO MPUMEPHO B OJHH U
T€ K€ JaThI?

Bbicokuil ypoBeHb CJ105KHOCTH

4.15. KakoBa Obuta Obl TPOJIOKUTEIBLHOCTE COJTHEUHOTO JHS Ha BeHepe, eciu
Obl BpallleHUEe MJIaHEThI ObUIO MPSMBIM, a HE PETPOrPAIHBIM?

4.16. Ecou Obl smroeit mocinaiivi Ha Mapc, 9ToObl KUTh, Kakue (PaKkTOpbl OKPY-
XKaroule cpelbl HY>KHO ObUTo Obl paccMoTpeTh? Kakumu pecypcamut Mor Obl
Mapc oOecnieurBaTh KOJIOHUCTOB, U YTO HYHO ObLJIO ObI MPUBE3TU C 3eMIIH?
4.17. Ocpb BpaieHus: YpaHa pacroJio’keHa MOYTH B TNIOCKOCTU €ro OpOUTHI. ['0BO-
psT, 4TO YpaH BpallaeTcsi BOKPYT OCH «iI&ka Ha O0Ky». OnuiimTe CMeHy JHSA U
HOYM, BPEMEH Tola Ha YpaHe.

4.18. U3zBectHO, uTo IOnuTtep nusnydaer Oosblie TEMIOBOM SHEPTUU, YEM IOITY-
yaeT oT ConHua. YTo ABJISIeTCS NPUYMHOM TAKOTO HAarpeBa MJIaHEThI?
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4.19 TemnepaTypa METCOPHOIO Tela, ABMXKYIIErocs B atMochepe 3emiu, pac-
TET TeM OBICTpEEe, YeM BBIILIE CKOPOCTh ABMXKEHUs Tena. Kakoe U3 IByX ouHa-
KOBBIX METEOPHBIX TEJ OMacHee — JBIDKYIIeecs Mo opOUTe HaBCTpeuy 3emiie
WJIN JOTOHSIONIEe 3EMIIIO?

4.20. HexoTopsie yu€Hble U UCCIEIOBATENU CUNUTAIOT, 4TO B COJIHEUHOU cucTe-
Me€ HMMeEeTCsl elle OJHA (MM HECKOJIbKO) OOJBIIMX IUIAHET, ABMKYIIUXCS IO
OUYCHb BBITSAHYTBIM opOuTam. [IpuBenuTe apryMeHTHI 32 U IPOTUB TaKOW THUIIO-
TE3BbI.

IIpumeps! pemrenust 3aga4

IIpumep 4.1. OnrHaKOBbIE MAsSTHUKOBBIE Yachl yCTaHOBWIN: (1) Ha MOBEPXHOCTH
3emutd, (2) Ha moBepxHOCcTH Mapca, (3) Ha MapCHAHCKOW CTAHIIMU C TUIOTHOCTHIO
HCKYCCTBEHHOM aTMoc(epbl, HIeHTUUHOM 3eMHON. Kakue u3 3Tux Tpéx vacoB Oy-
IyT UATH ObICTpEe, a KaKue — MeJIJIcHHee?

/lamno: Pewenue: Tlepuon xonebanuit MastTHuka 7' 6e3 yuéra BIUSHUSL
Il = |2 = |3 |

R ~ 6 400 &M atMocdepbl T oc [—,

Ry~ 3 400 ku ¢

CpaBuuth Ty, Tp, | Toe | — mmHa MasTHHKA, § — YCKOpEHHE CBOOOIHOTO IMaJICHUS
1. Ha IJIaHETE.

YckopeHne CBOOOTHOTO TMAJCHHWs Ha HEOECHBIX TejaX OIpenemsieTcs IIo
M

dbopmyne g =G— , rme M u R — Macca u paanyc IIaHETHl COOTBETCTBEHHO.
RZ

OueBunHO, 4TO Jy < 3. [loaTOMY OBICTpEE BCEro MAYT Yackl Ha 3emiie.
Hanuune atMocdepsl NpUBOIUT K YBEIMUYECHHIO MEpUOIa KOeOaHUi MasiTHUKA.
[ToaTOMY cCaMbIMH MEJIEHHBIMU OYyT Yachl HA MAPCUAHCKOU CTAHIIMH.

Otser: bpicTpee Bcex MAYT 4ackl HA 3emMile, MEIJIEHHEE — Ha MapCHAHCKOU
CTaHIIUM C UCKYCCTBEHHOU aTMoc(hepoil.

3amauu 0a30BOr0 ypoBHS CJI0KHOCTH

4.21. Tlonaras, uro armocdepa 3eMiau HMEET NPOTDHKEHHOCTH 7,5 KM C
OIHOPOIHOM IUIOTHOCTBIO 1,3 Kr/M°, BBIUMCINTE Maccy BCel aTMochepsi.
CpaBHUTE NOJTYUYEHHBIN PE3YIIBTAT C MACCOU 3E€MIIHU.

4.22. Tlomaras, uro arMmocdepa Benepsl mmeeT mNpoTsHKEHHOCTH 50 KM ¢
OIHOPOIHOH IIOTHOCTBI0 21 Kr/M°, BhIUMCIHTE Maccy Bcell aTtMoc(epsr.
CpaBHUTE MOJTY4YEHHBIN pe3yslbTaT ¢ Maccoil arMochepsl 3emin (TIpeapIayIee
3aJlaHue) U ¢ Maccoit BeHepsl.

4.23. BpluuciauTe yCKOpeHHE CBOOOJHOTO TMAaJeHUs M TIEPBYIO U BTOPYIO
KOCMHYECKHE CKOPOCTH Ha Mapce.

4.24. MasaTHUKOBBIC Yachl JOCTaBJeHbI ¢ 3eMJu Ha noBepxHOCTh JIyHbl. Kak
oHu OynyT unrtu Ha JlyHe — ObicTpee win MeayieHHee, yeM Ha 3emuie? OTBeT
MOATBEPAUTE pacyeTaMHu.
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33[{3‘11/1 MOBBLIIIECHHOI'O YPOBHA CJIOKHOCTH

4.25. Kakas miaHeTa ¢ MOMEHTa CBOETO OTKPBITHS COBEPILUIIA IPUMEPHO OJHMH
o0opot Bokpyr ComHia?

4.26. B nosce Koiinepa Ha paccrosiuuu 45 a.e. oT CojHIIAa CTONKHYJIUCH JIBa
acTepoujia, Mocie 4ero OJUH U3 OCKOJIKOB cTan majnath Ha Comuue. [Ipunss
HAYaJbHYI0 CKOPOCTb OCKOJIKA PAaBHOM HYIIO, OMPEIEIHUTE, CKOJIBKO BPEMEHH
3aMMET IaJICHHUE.

4.27. Ckonpko moTpeOyeTcs NBUTMHKE, JBHUTAIOLICHCS B MbUIEBON Oype Ha
Mapce co ckopocthio 150 kM/4, 9T00BI 067€TETH Mapc 1mo skBatopy?

4.28. Acrepony Iammaga nmeer cpeanuii auamerp 520 kM u macey 3,2-10%° kr.
Ckonbko OyneT BecUTh Ha ATOM acrepouje acTpoHaBT Mmaccor 100 kr?
Brruncnute nepByro KOCMMUECKYIO CKOPOCTh JIJIsl 3TOT0 acTEpOU/Ia.

3a1a4u BbICOKOI0 YPOBHS CJIOKHOCTH

4.29. Bo Bpemst 3BE3AHOIO 10K/ (METEOPUTHOTO MOTOKA) HAOIIOAATENN BUISAT
BCE MeTeophl Ha ywacTke Heba pagumycom 250 kM. Ecnm oHu 3ameuaroT B
cpenHeM 20 METEOPOB €KE€4acCHO, TO CKOJIBKO MX BCEro najaeT Ha 3eMIII0 3a
CyTKHU?

4.30. Tlomnas macca yactuil, oOpasyroommux koijbla CaTypHa, COCTaBISET
IPUOJIM3UTEIBHO 10" ToHH. [Ipenmonoxkum, 4T0 YacTUla KOJbLA B CPEIHEM
uMeeT pagmyc 6 cM (6OmbIIOi CHEKOK) M mioTHOCTs 1000 kr/m°. Ouenute
KOJIMYECTBO YacTHUIl B Kosblax CaTypHa.

4.31. Dxcneauys, BBITIONHSS MOWCKU TPUTOTHOTO JAJSl KU3HU JIIOACH MHpa,
oOHapyxuna tuiaHeTy paguycom 2000 kM. Cpennsas TtemmepaTypa Ha
TIOBEPXHOCTH TUTAHETHI OKaszanach paBHoit 14°C. Kakue BBIBOIBI O BOBMOXXHOCTH
KOJIOHM3AIlMU IUJIAHEThl MOIJIA CHeJIaTh SKCIEIULMS, Y3HaB, YTO MAasTHUK
JUTMHOM 1 M mMeeT nepuoa Kosedanuii 6 ¢?

4.32. TlyremectByss no BceneHHOM, KOCMOHABThl COBEPUIMJIA BBIHYKJIEHHYIO
[IOCAaJIKy Ha IUIaHETe, Macca M pa3Mepbl KOTOPOM B 5 pa3 MEHbIIE 3E€MHBIX.
[Tocne oxoHYaHMSI PEMOHTHBIX PabOT OOPTOBOM KOMMBIOTEP COOOIIWI, YTO
OCTAaBIIETOCS TOIUIMBA JIOCTATOYHO, YTOOBI Pa3BUTh CKOPOCTh 8,1 kM/c. CMoryT
JI1 KOCMOHABTHI IOKUHYThH IIJIAHETY?

4.33. ACTpOHOMBI OIpENeNHId, YTO Ha 3eMJICTIOAOOHOW 9SK30IUIAaHETe
aTMoc(epa He MPOMyCKaeT BUIMMBIN CBET, HO Mpo3payHa AJisi UHPPaKpacHOTo
u3nydyenus. Kak Takass aTtmocdepa NOBIMSIET Ha TEMIEpaTypy IUJIaHEThI?
CpaBHHUTE ¢ TAPHUKOBBIM 3P (HEKTOM.

4.34. I'ne yenoBeky OyJeT Jieryue mjaaBaTh: Ha 3emJye uiu Ha Mapce?

4.35. Onpenenute nepuoj oOpamieHus Bokpyr CoiHIIa acTepoujia, KOTOPBIMA
JIBIKETCS TI0 KPYTOBOM OpOUTE CO CKOPOCTHIO 25 KM/C.
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IIpakTnueckasi padora Ne 3
ITocTpoenue JuHelHoii Moaean CoJTHEYHOM CHCTEMBI

Lenv pabomwi: otieHUTH pa3mepbl COTHEYHON CHCTEMBI, HATJISTHO TPEACTABUTh
COOTHOIICHHSI MeXKIY paccTossHUsAMU OoT COJIHIIA 0 TUTaHET.

Ilpubopvt u mamepuanvi: KaNbKYyJISATOp WIH KOMIBIOTED C 3JICKTPOHHOM
tabmumert (Excel, OpenOffice.org Calc min momoOHas), pyneTka, HEOObIITHNE
MaKeThI IIAaHET WU TaOJIMYKH C UX HA3BaHUSIMH.

PaboTa BBITIOJIHSETCS B KJIACCE UM B KOPHIOPE.

I[OHOJ'IHI/ITCJIBHLIC CBCIACHUA

Cpenuee paccrosinue ot 3emiau 10 ConHia paBHO NMpuUMepHO 150 MUILIMOHOB
kuiomeTpoB, a ot Connna no Henrtyna — 4490 MHWUITMOHOB KUIIOMETPOB. DTO
CTOJIb OOJIBIIINE BETMYMHBI, YTO UX TPYJIHO cede npeactaBuTh! UTOOBI HArJIsIHO
olleHUTh pa3Mepbl COTHEYHON CUCTEMBI M PACCTOSIHUS MEXKIy IUIAHETAaMU B
HEH, IMOCTPOMM €€ YMEHBIICHHYI0 MOJeNb. B Mozenu 3a TOYKy OTCUETa
BbIOepeM 11eHTp CoJIHIIAa U PACTIOIOKUM IUIaHeThl OT Mepkypus no Henryna Ha
npsiMoii uHuU. byziem nosnaraTs, 4TO MIIaHETHl H300paXKaAIOTCSI TOYKAMHU.
Jlnst  mocTpoeHHsT MOJENH HY)XHO BbIOpaTh €€ pa3Mep U BBIYUCIIHTH
MaciTabHbld Korddunment. Hampumep, ecinu pazmep Haiie moaenu 2 MeTpa,
To paccrosaue ot Connua no HenryHa B Hamel Moaenu paBHO 2 METpPaM.
MacirabHbIi KO3QGUIUEHT K BEIYHUCIUM 110 (hopMyJIe:
K= paszmep _mooenu

(1)
pazmep _obvekma
rie pasmep o0beKTa — 3To cpeaHee paccrosinue ot Comuna a0 Henryna:
2 _
K=——-=4,45-10 1
4,49-10
[Tpu Takom korddunmente paccrosiuue or CoyiHIAa 10 3eMiId B MOJEIH OyAeT

paBHO
(1,510 cm - (4,45:10%%) =~ 6,7 cm

Xoa padoTbi

3amanue 1. B tabmuue 1 npusenens! paccrosiuust oT Conuua 1o mianetr Col-
HeuHoU cuctembl (naHHbie B3aThl u3 [10]). PaccunraiiTe nmpuBeaeHHbIC paccTos-
HUS B M U 3allMIIKMTE (B HOpMaJIbHOM opMe 3amucu uucesn) B ctosoen 3 Tabiiu-
el 1.

3ananme 2. Beibepure pasmep mozaenu. Eciau Bbl OyzeTe KOHCTPyHpPOBaTh MO-
JIeNb B KJlacce, U3MEpPhTe PACCTOSIHUE OT CTEHBI 10 CTEHbI Ha CBOOOJAHOM IIPO-
CTPAaHCTBE MEXAY crojamMu. Eciau BbI IIaHUpyETe MOCTPOUTH MOJIENb B KOPH-
nope — BeIOepHUTe MOAXOIAIINM (Ha Balll B3MJIsIA) pa3Mep mojaend. Ecinu Bel uc-
NIOJIB3YETE JINCT BaTMaHa, U3MEpbTE ero. MOXKHO pa3pe3aTh JIMCT BAOJb U CKJe-
UTh TaK, 4TOObI MOJIy4WJICs y3Kasl JAJIMHHAs JieHTa. PaccunraiiTe mMacmTaOHBIM
ko3 durent no popmyne (1) u 3anumuTe ero 3HauyeHue B crosden 4.
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Taoauna 1

IInanera JeiicTBuTe/ILHOE JeiicTBUTEIbHOE MacwradHblii Paccrosinue | [lelictBUTe1bHOE
paccTosinue oT paccTosinie OT ko3dduuuent, k | or Cosanua B paccTrosinue ot
CoaHna, MUTH. KM CoaHna, M Moaeau, M Coanna, a.e.
1 2 3 4 6

Mepkypuit 57,9
Benepa 108,2
3emuis 150

Mapc 228

Onurep 779

Carypn 1430
Ypan 2870
Henrtyn 4490

3ananme 3. Brruuciaute paccrosiHus (B M) 10 M300payKEHU TUTAHET B MOJIEIH,
pe3yJIbTaThl 3aHECUTE B CTOJIOEL 5 TaOIUILIBI.
3aganme 4. [locroiite Mmoaenb CoOMHEYHOM CUCTEMBI. [[1 3TOro OTMEThTE I0-
noxxenne CoJiHIA U TIOJI0KEHHS TIaHET.
» Ilpumeuanne: Eciu BbI OyieTe KOHCTPYHPOBATH MOJIEINb B Kilacce, TO JUIs
MOBBIIIECHUS €€ HAIJISITHOCTU BbIOepUTe 9 100pOBOIIBIEB, KOTOPBIE OYAYT
n300pakath CoOJIHIE U TUTAHETHI (MCoJb3ys (hoTorpaduu uiau TabaudKu
¢ Ha3zBaHussMu CounHia u manet). Hamm umnpoBusnpoBanHbie « COTHLE)
Y BOCEMb «IUIAHET» 3aHUMAIOT CBOM MECTA B OTMEUYEHHBIX MOJ0KECHUSX.
3apanme 5. Mcrionb3ys TOT ke caMmblii MacIITaOHbIN KO3 UIIMEHT, paccUnTam-
Te pasmepbl ConHIIa U TUTAaHET B MOJIEIIH, UCIIONb3Ys AaHHbIe TaOmuIel 2. s
ynoOCTBa CHayajia TIEPEeBEUTE JIaHHBIE B CM M PE3yJIbTaThl (B HOPMAaJIbHOMN
dbopme 3amucH gucen) 3anuiuTe B ctoioer] 3. OKkoHYaTeaIbHbIE pe3ybTaThl 3a-
HECUTE B CTOJIOCI] 5 TaOIHIIbI 2.

Taoanma 2
O0bekT Cpenunuii Cpenunuii MacmTadHblii Cpenunuii
ConneyHoit IKBATOPHAJIbHBII | IKBATOPHAJIbHBIN K03 punueHT IKBATOPHAJIBHBII
CHCTEMBI AMaMeTp, KM AMaMeTp, cM AMaMeTP B MOJeJH, CM
1 2 3 4 S)

ConHue 1 391 400

Mepkypuit 4 878

Benepa 12 104

3emuist 12 756

Mapc 6 794

IOnurep 142 800

CarypH 119900

Ypan 51108

Hentyn 49 493

3amanue 6. OTBEThTE HA BOIIPOCHI.
* CrhpaBeJIMBO JM OBUIO Hallle ToNylleHrue o ToM, 4To CoJIHIE U TIIaHEeTh
B MOJIEJIA MBI OyZieM U300pakaTh TOUKaMu?
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* Ecinu B mozenu ConHeyHOW cucTteMbl M300pa3uTh CoJIHIIE TEHHHCHBIM
MsYUKOM (muametp 6,7 cMm), To kKakuM Oyner pacctosHue oT CoiHua 10
3emnu? Jlo Hentyna?

* Bpuucnure pasMepsl MOJEIM 3emMid, eciu Mojenb CoJiHIa HMeeT
nuametp 6,7 cM (Kak B MpEeAbIIYILEM 3a1aHHH ).

= (Cpennee paccrosiaue ot 3emyid 10 ConHia paBHO 1 acTpoHOMHUYECKOM
enuHMIE (a.€.), paBHOW MPUOIM3UTENBHO 150 MUUIMOHOB KHUJIOMETPOB.
Boiuucnure paccrosuuss or ConHua 10 IulaHeT B a.e. Pe3ynbTaThl
3aHecute B Tabimmiy 1 (ctomber; 6). Kakas eguHWIlA IIUHBI SBISCTCS
Oosiee ynoOHON Mg u3MepeHus paccTtossHuii B CoOJIHEUHOW cucreme?
ApryMeHTHpYITE Balll OTBET.

3amaHus I CaMOCTOSATENbLHON PadoThI

C4.1. Onpenenure naty Ommkaiimero (B OymymieM) nmokpsitusi ConHila Benepoit.
3a CKOJIKO JTHEH J0 M TOCJe 3TOTr0 COOBITHSI Bbl CMOXKETE HAOIIO/IATh TIJIAHETY
HEBOOPY>KEHHBIM TJ1a30M?

C4.2. CarypH nepeMelaercsi Cpeid 3Be3]] MEMAJICHHEE APYIMX BUIUMBIX IUIAHET.
Ha ckosnbko rpaycoB B Ioji OH IepeMeIIaeTcs o CBOeH opOuTe (cuuraeM opouty
KkpyroBoit)? Ompenenute (UCHOJIB3Ys ACTPOHOMHUYECKUN KaJeHIaph WM
adeMepuibl), TI€ TUIAHETa HaXOAWTCS B JCHb BBITIOJIHEHUS 3aJaHusl (B KaKOM
co3Be3nun). I'ne CatypH OyJeT HaXOAUThCS Yepe3 OJIUH TO1?

C4.3. Haiinure nadopmMariuio o 6 KpyImHEHUIINX acTepOUIax 1 3aHECUTE JTaHHbIC B
Tabmuiry. ECTh T cpelii 3TUX acTEepOUIIOB TaKue, OPOUTHI KOTOPBIX MEPECcEeKaroT
opouthl 3emiii? KakoBbl MOTJIM Obl OBITH TOCJEACTBUSI CTOJKHOBEHHUSI 3€MJIU C
KPYIIHBIM aCTEPOUIOM?

Nwms JAunamerp Macca Ilepuox oOpaieHusi

C4.4. Ucnonb3yss aCTpPOHOMUYECKUI KaJeHJaph Ha TEKYIIUA TOJI, OMpEeInuTe
Bpems, korga Mapc, FOnutep u Carypn OyayT B nmpoTuBOCTOSIHMM. OXapakre-
pU3YHTE UX BUIMMOCTH HAa HOYHOM HeOE€ B 3TM MOMEHTHI. 32 Kakoe Bpems 10
MPOTUBOCTOSIHUS Yy KAXKIOW U3 3TUX IJIAHET HAYMHAETCS PETPOrpaHOE JIBHXKE-
Hue? Yepes Kakoe BpeMsi C MOMEHTA MTPOTUBOCTOSTHUASI OHO 3aKOHYUTCS ?

C4.5. CocraBpTe KOJUIEKTUBHBIA «IIOPTPET» IUIAHET 3EMHOM TPYNIBI U IJIAHET
rpynmsl FOnurepa.

C4.6. Ucnonb3ys nporpammy-ivianerapuii (Hanpumep, Stellarium) onpenenure,
KaKhe METEOpHbIe MOTOKHM MOXKHO HabOmojaTh B Omkaiiiiee Bpems. B kakux
CO3BE3IUSAX HAXOMATCA PAIUAHTHI ATHX MOTOKOB? OlleHHWTE, HACKOJIBbKO OJaro-
NPUSTHBI OyIyT YCIOBUS HAOIOICHUSI.
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5. ACTPO®U3UKA U 3BE3THASI ACTPOHOMMUSI
OcHOBHBIE IOHATHS, 3aKOHBI H (POPMYJIbI

ACTpPOHOMMSI C MOMEHTA CBOETO BO3HUKHOBEHMSI U 110 CETOAHSIIIHUN JEHb
UCIOJIBb3YET Pa3IMyYHblE TUIBI U3MEPEHUH ISl HUCCIENOBAaHUS KOCMHUYECKHX
00BbeKTOB. OCHOBHBIM METOJIOM HMCCIIE0BAaHUS SABISETCS HAOIIOACHHUE.

Jlo Havama XX Beka y4€HbIM ObLIM JOCTYITHBI TOJIBKO HAOIIOACHUS B BH-
JUMOM 4acCTH CHEKTPA, KOTOPAsl COCTABISET MAIYIO YacCTh CIEKTpa IEKTpoMar-
HUTHBIX BOJH: OT 0,4 MkM 10 0,7 Mxm. Ha puc. 5.1 nmpuBeneHa mkaJja 3Jiek-
TPOMATHUTHBIX BOJIH — HENPEPbIBHAS IOCIEI0BATEIBHOCTh JJIMH BOJH (4ac-
TOT) 3JIEKTPOMArHUTHBIX U3JIy4EHHI, XapaKTepU3YIOIIHUX PaCIPOCTPAHSIOIIEECs
B IIPOCTPAHCTBE NIEKTPOMATHUTHOE TOJIE.

00lema Ol epd lmne 10 100Ems lonooa 10 nmma 100 pames lpma leoma 10 cha 1 ma 10 ra
w? w? owt o ow* o o1w* 1w ot 1wt ot w1 1f 102
| | | | | | | I | | I I I I I?‘»,HM
| | | |1 [ T TI v, T
3-10% 3.10% 3107 | 3-10%  |3-10% 3-10% 310" 3-10°
L oye | HE |
PeHTTEHOBCEDR |" "| |" "|
. OTyTEHMe . J N - P a1 FOE QIIHET
Fm—mrme | Vi \\ |
l4nnmm~ T80ma |
| (B CT3KOK |
| |Elrr,u;/m-mﬁ71cse'r |
! O yec ki MHATA0H '___!

Pucynok 5.1 Illkana 3neKTpOMarHuTHBIX BOJIH

B HacTosimee BpeMsi acTpOHOMHS CTajla BCEBOJHOBOMW: HAOJIOJICHUS ac-
TPOHOMHUYECKHX OOBEKTOB MPOU3BOIAT BO BCEX JUIMHAX BOJH m3nydeHus (Taod-
nuna 5.1). He BcE u3nyuenue npoHukaeT yepe3 arMochepy 3eMid, Io3ToMy Co-
BpEMEHHAsT aCTPOHOMHMS HCIOJIb3yeT CIICIHATN3UPOBAHHBIC KOCMHYECKHE 00-
CEpBaTOPHUH.

CBeT, KOTOpBI MbI BUJTUM KakK O€JIbIi, CIIOkKEH M0 CBOEMY COCTaBY: C IO-
MOILBIO TTPU3MBI €0 MOYKHO Pa3JIOKHUTh B LIBETHYIO MOJIOCKY cneKTpa. CrekTp
B MEPEBOJIE C JIATBIHU O3HAYAET «BUINUMOE.

CrnekTpajbHbIii aHAJM3 SBISIETCS BAXKHEUIIUM CPEICTBOM HCCIEAOBA-
Hus Beenennoi. C ero noMoibo MOXKHO ONPEIEINTh XUMUUYECKHI COCTaB HE-
OCCHBIX Te€JI, UX TeMIIepaTypy, CTPOCHHUE, pa3Mephl, PACCTOSIHUE O HEOECHBIX
T€JI U CKOPOCTh UX ABWKEHUA. J[JIsl CIEKTPAIIbHOTO aHalli3a MCIOIB3YIOT CIie-
IIHAJIbHBIC TIPUOOPHI: ceKTporpad u CneKTPOCKOII.

OCHOBHBIM MHCTPYMEHTOM ACTPOHOMOB SIBJISIETCS Te€JECKOIN, KOTOPBI B
TEUEHUE JOJITOT0 BPEMEHU OCTABAJICA ONMUYEeCKUM WHCTPYMEHTOM, MO3BOJIAIO-
UM HU3y4aTh HEOECHbIE OOBEKTHI B ONTHYECKOM (BHIMMOM) HAIAa30HE DIICK-
TPOMArHUTHOTO U3JTy4YEHUSI.



Ta6nuna 5.1 DIeKTpoMarHuTHBIN CIIEKTP, UCCIIeyeMbIi B acTpodu3uke

Obaactb Juaunbl | IIpoxo:xknenue MeToabl IIpunemMHuKHU
CIeKTpa BOJIH CKBO3b HCCJIeI0BAHUS U3JIyYeHUs
3eMHYI0
aTMochepy
I'amma- <0,01am | CunbHoe B ocHoBHOM, Cueruynku (OTOHOB,
U3JIy4EeHHE nornomienue O, BHEaTMOC(epHbIe WOHU3aLHOHHBIE
N», O,, O3 u (kocMHUEeCcKHe KaMepBhl,
JIPYTUMH paKerTsl, ¢dorosmynbcuy,
MOJIEKYJIaMU HCKYCCTBEHHBIC JTFOMHHO(OPHI
BO3JlyXa CITyTHHKH).
Penrtrenosckoe | 0,01-10 | CunbHoe B ocHoBHOM, Cueruynku (OTOHOB,
U3ITy4YeHHE HM nornomienue O, BHEaTMOC(epHbIe HMOHM3AIIMOHHbBIE
Ny, Oy, O3 u (KocMuYecKre KaMephl,
JpYTUMHU paKeTsl, ¢dorosmynbcuy,
MOJIEKYJIaMU HCKYCCTBEHHBIE JHOMUHO(OPBI
BO3/yXa CITyTHUKH).
Janexwuii 10-310 | CusbHOe BrearmocdepHbie DOTO3IEKTPOHHBIC
yIpTpaduoieT | HM nornomenue O, YMHOXKUTEIH,
Ny, Oy, O3 u (boTosMyIbCHH
JIPYTUMH
MOJIEKYJIaMU
BO3/yXa
bruzkwii 310-390 | Cnaboe C moBepxHOCTH DOTO3EKTPOHHBIE
yIpTpaduoieT | HM MOTJIONICHHE 3emin YMHOXKUTEIH,
(hOoTOAIMYIIbCHH
Bunumoe 390-760 | Cnaboe C noBepxHOCTH I'naz, porosmynbcuu,
U3JTy4eHUe HM MIOTJIOIIEHHE 3emin ¢dorokaTopl,
MOJTYTIPOBOTHUKOBBIC
pudOopbI
bmwwxnee 0,76 — 5 | Yactsle mostockl | YactuuHo ¢ bonometpsl,
nHPpaKpacCHOE | MKM MOTJIONICHHS MOBEPXHOCTH 3€MJIH | TEPMOTIAPHI,
U3ITy4eHHE H,O, CO, n (dboToconpoTUBIECHMS,
JIPYTUMH QIS ENINSE
(boTOKATONIBI U
(hOTOAIMYIIBCHUH,
MOJTYIIPOBOJHHUKOBBIE
NPUEMHUKHI
Cpennee 5 MkMm — | CunbHOE Breatmocdepnbie bonomerpsl,
uHpakpacHoe | 20 MKM | MOJIEKYJIIpHOE TEpMOIIapHI,
U3JTy4eHHUe TIOTJIOIICHHE (dboToconpoTUBIECHMS,
JlanbHee 20 — 300 CIIeLIMAJIbHBIE
UH(paKpacHOE | MKM ¢dboToKaTobl U
U3ITy4YeHHE (boTosmMynbCHH
PannoBonnsl >1mm | Ilponyckaercs C MMOBEPXHOCTH | Pagnoreneckorsl
W3IIy4YCHHE ¢ | 3emun,
JUTMHOM  BOJIHBI | BHEATMOC(EpPHBIE

okoimo 1 mm, 4,5
MM, 8§ MM H OT 1
cm g0 20 M
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CoBpeMeHHbIE TPUEMHUKN U3TYUCHHS CIIOCOOHBI TPOBOANTH MCCIIEI0BA-
HUS BO BCEX JTMHAX BOJIH — OT TaMMa-U3ITy4eHUS 10 PaUOBOJIH, U XOTS MHOTHE
U3 HUX MaJIO TIOXOXKH Ha CBOMX MPAPOJUTENICH, MX MO-TIPEeKHEMY Ha3bIBAIOT TE-
JecKomaMu, 00aBisisi K ATOMY CJIOBY XapaKTEPUCTHKY IO BHIYy PETHCTpUpPYeE-
MOTO H3JIy4CHHS: ONTHYECKHE, WHPPAKpACHBIC, YIbTpaduOIECTOBBIC, PaIuOTe-
JIECKOTIBI | T.II.

OcHOBHBIE 337]a4H TEJIECKOIA:

1) cobpaTh Kak MOKHO OOJIbIIE YHEPTUN U3IMYUCHHS TaHHOTO BHJA OT 0OBEKTa
HaOJIIOIEHNS;

2) co3/1aTh BO3MOYKHO pe3Koe M300pakeHne 00bEKTa, TIO3BOJISIFOIIEE BBIICTIATh
U3Ty4YEHUE OT €0 OTAEIbHBIX JIeTale U U3MEPSTh PACCTOSHUE MEXKIY HHU-
MHU.

Baxkneiimme snemMeHTbl JH000ro Teneckona — 00beKTHB, COOMparoIui
U3yYEHHUE U CO3J1al0lui n300pakeHue, 1 NPUEMHMK U3J1y4eHus (ria3, GoTo-
IUTACTUHKA, (DOTOANEKTpUIeCKUi TpuéMHUK n3nydenus, [13C-marpuna, u T.11.).

OnTHdeckre TEJIeCKOMbl OBIBAlOT pedpakTopamMu (0OBEKTUB — JIMH3A
WIA CHCTeMa JIMH3) Win peduaekTopaMu (0OO0BEKTHB — 3€pKAJI0 WJIA CHCTEMa
3epKaun).

KauectBo mM300pakeHHsT B TEIECKOIMAX XapaKTEPU3YeTCS €ro YIJI0BbIM
pa3pelnieHueM, KOTOPOE OMPEAEIAETCS KAk MUHUMAaJIbHOE YTIIOBOE PACCTOSTHUE
S Mexnay nByms 3BE3IaMU, IIPH KOTOPOM UX M300paKEHHS HE CIMBAIOTCS B OJI-
HO.

Caerocuia teneckona @ xapakTepus3yeT OCBEIIEHHOCTb, CO3/1aBACMYIO
00beKTHBOM B (pokanbHoil miockoctr: ® = (D/F)?, rae D — auamerp 06beKTH-
Ba, F — dokycHoe paccrosnue oObekTrBa. Uem Menbiie @, Tem mydlie Teme-
CKOTI TIOAXOIUT JJIs1 HAOJTFO/ICHUS TaJaKTUK U TYMaHHOCTEH.

Yri0Boe yBeJM4eHHe TEIECKONa OINMpEAesseTcsl OTHOIMIEHHEM (POKYCHOTO

F
paccrostnust F oObekTHBa K (okycHOMY paccrosiHuio f okymsapa: G = N 160

D

OTHOICHHUECM IUAaMCTPOB BXOJHOI'O M BBIXOJHOI'O 3pa4YKOB TCJICCKOIIA: G= E

Pa3pelienue Teneckona MOXKHO YIYYIIMTb, UCIOIb3Ysl MHTEP(PEPEHIINIO
cBera. Eciu Ba Teneckona ¢ pacCTOSIHUEM MEXAy HUMU L OJHOBpEMEHHO Ha-
OJIFOIAI0T OAMH U TOT K€ 0OBEKT (MCTOYHMK M3IYUYEHUs), TO 3apEruCTPUPOBaH-
HbI€ UMU DJIEKTPOMArHUTHBIE U3TYyYEHHUS MOXKHO «CJIOXKUTH». B pesynbrare mo-
JTy4darT u300pakeHue HaOIogaeMoro o0beKTa, SKBUBAJIGHTHOE CO37]aBAEMOMY
00BbeKTUBOM nuamMerpoM L. Takas cuctema TenecKONOB Ha3bIBaeTCs MHTepde-
pomeTtpoMm, L — 6a3a unrepdepomerpa.

3Be3/bl — OrPOMHBIE TbUIAOIIUE Ta30Bble mapbl. Camas Omu3Kas K Ham
3Be3fa — ConHIle, IIaBHBIA UCTOUYHUK CBETAa M TeIia, 0€3 KOTOPOro >KU3Hb Ha
3emiie Obu1a ObI HeBO3MOXKHA. V3yuenne CosHIla MO3BOJISET JIyUllle MOHATh, YTO
MPECTABIISIOT COOOM 3BE3IbI.
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ConHue, KaK ¥ Apyrue 3BE€3/bl, COCTOUT NPEUMYILIECTBEHHO U3 BOJIOPOIa
(6onee 70%) u renus (mpumepHo 27%), OKpykeHO Topsiueit armocdepoit. Ha
noBepxHoctu CoiHIla HAONIOAAIOTCS MATHA, a B aTMochepe — COJIHEYHbIe
BCIBIIIKH, YUCIIO MATEH U UHTEHCUBHOCTh BCIBIIIEK XapaKTEPU3YIOT COJIHEY-
HYH0 AaKTHBHOCTB, OKa3bIBAIOIIYIO BIUSHUE Ha (PU3MUYECKHE MPOIECChl Ha 3eM-
ne. Bero ConHeyHyr0 CUCTEMY 3aMOJHICT PACIIUPSAIONINICA TOTOK COJTHEYHOTO
rasa — COJIHe4YHbIH BeTep.

B uentpanbhbix ropsunx oodsactsx CoJiHIA U 3BE3T UAYT TEPMOSIACPHbBIC
peakiuu, TOIAEPKUBAIOIITNE BBICOKYIO TEMIIEpaTypy, OJaromaps KOTOPOU 3BE3-
JIbl U3JIy4arOT CBET.

3BE3/1bI PA3IMYAIOTCS MO SIPKOCTHU: OJTHUA U3 HUX BBITJSIIAT sIpue, IPyrue —
oonee Tyckible. [lpumepno 150 neT mo H.3. rpeueckuid actpoHoMm [ ummapx
MPEIOKUIT OLIEHUBATh IPKOCTh 3BE3] MO 3BE3IHBIM BEJIUYHHAM: CaMbIE SIPKHE
3BE3716I OH OTHEC K 1-ii 3B&3mH0M Bemuuune (1), camble cnabble, pasIMIUMEIE
Ha TeMHOM Hebe — 6-if 38é3 0l Benmunne (6™). DTa KnaccupuKamys oIydua
Ha3BaHHE «IIKAJAa 3BE3IHBIX BEJMYMH», ACTPOHOMBI HCHOJB3YIOT €€ MO cei
JICHb.

Buaumasi 3Bé31Hasi BeJIMYMHA M XapaKTEpHU3yET CBETOBOU MOTOK, MPHU-
XOIAIINM Ha 3eMJII0 OT 3Be3/Ibl. DTO Oe3pa3zMepHas hu3znueckas BeIU4nHa, KO-
TOpasi He UMEET OTHOUIEHUS K UCTUHHBIM pa3mepam 3Be3l. CyOheKTUBHO 3Ha-
YEHHUE 3BE3IHOM BEJIMYMHBI BOCTIPUHUMAETCS KaK 0JiecK (11 TOYEUHBIX UCTOY-
HHUKOB) WJIK APKOCTh (IS IPOTSHKEHHBIX ).

3BE3/1bI, MEHSIONIME CBOM BUAUMBIN OJIECK, HA3bIBAIOT NMePeMEHHBLIMH.
[TepeMeHHOCTH OJiecka MOXET ObITh BbI3BaHA U3MEHEHUEM CBETUMOCTH 3BE3/IbI:
nynbcaniu (megeuabl), B3pbIBEI Ha ITOBEPXHOCTH (HOBBIE) WIIM B HeEIpax
(cBepxHOBBI€). [Ipyras nmpuurHa — 3aTMEHHE OHOW 3BE3/bI APYroi (3aTMeH-
HO-TIepeMeHHbIE 3BE3/IbI).

DOHeprus, wu3iaydaemasi 3BE3/I0d, B ACTPOHOMHUH XapaKTepHU3YETCs
CBETHMOCTHIO L, HHTEHCUBHOCTHIO u3iaydenns | 1 ocBemeHHoCTHIO E.

OcBemieHHOCTh E — KOIWYECTBO CBETOBOM JHEPIrWM, MOoMajaroliei Ha
MOBEPXHOCTh €AMHUYHON IJIOIIAAU 32 €AUHUIY BpeMeHH. Enunuiia uamepeHus
— Br/v Mepoii OCBEHIEHHOCTH B ACTPOHOMHM SIBJISIETCS BUIAMMAsi 3BE3AHAA
BEJIMUYMHA UCTOYHHKA M.

Pa3znoctu B 5 3BE3IHBIX BEJIMYHUH COOTBETCTBYET OTHOIIEHUE OCBEIIEHHO-
creil B 100 pa3. Pasmuumio B 1™ COOTBETCTBYET OTHOIIEHHME OCBEICHHOCTEH,

paBroe 100 ~ 2,512..., a B M 3B&31HbIX BenuunH — (2,512)™.

[TycTe 3B€31bI C OTHOCHUTEIBHBIMHU 3BE3NHBIMU BEIIMYMHAMUA My U My
CO37ar0T COOTBETCTBEHHO OCBEIICHHOCTH £ 1 E,. Tornga

m —m,=-2,512-Ig EE [5.1] (bopmymna [Torcona)

2
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El

£ =-0,4(m, —m,) [5.2]

lg

5 = 2,512 (Mmm) — 10 04m=m) [5.3]
2

Tak kak BuAMMAasi 3BE37HAs BEIMYMHA XapaKTEpU3yeT CBETOBOM MOTOK,
NPUXOSIINI HAa 3eMJII0 OT 3BE3]Ibl, OHA 3aBHCUT OT PACCTOSIHUSI 1O 3BE3[IbI.
[TomHyI0 3HEPIrUI0, U3JIy4aeMyI0 3BE€310H, MTO3BOJISET OLICHUTh HE3aBUCUMAs OT
PACCTOSIHUS 10 3EMIIM XapaKTEPUCTHKA — a0CONIOTHAs 3BE3HAS BeauurHa M.

AOcosloTHAsI 3Be3IHAs BeJWYMHA M — BuUJMMas 3BE3/IHAs BEJIMYMHA,
KOTOpYIO MMena Obl 3Be3/1a Ha paccTtosinuu 10 mapcek.

OtHocuTenbHass W a0CONIOTHAsE 3BE3JIHbIC  BEJIMYMUHBI  CBSI3aHbI
COOTHOILIEHHUEM:

M=m+5+5Igp [5.4]
rac p — IIapajiakC 3BC3bI, BBIp&)KCHHI:Iﬁ B CCKYHIaX, UJIH
M=m+5-5IgD [5.5]

rae D — paccrostHue 10 3Be3/1bI, BRIpaXEHHOE B Tapcekax. TakuM oOpa3om, 3Has
PacCTOSIHME JI0 3BE37bI, MBI MOXKEM OIPEACIUTh €€ aOCOJIOTHYIO 3BE3IHYIO
BEITNYUHY.

MOMIHOCTS U3ITyYEHHS 3BE3/bl XapaKTepU3yeTcss CBETUMOCTBIO L, KOTO-
pasi XapakTepHu3yeT IMOJHYIO DHEPTUI0, H3ITy4aecMyl0 3BE3JI0H 10 BCEM HaIpaB-
JICHUSM B CIMHUITY BpeMeHH. EMMHNUIA 3MepeHusT CBETUMOCTH TaKas ke, KaK y
MOIITHOCTH — BAaTT, HO B aCTPOHOMHH YaIlle BCETO CBETUMOCTh OOBEKTa BhIpa-
’KaroT B equHuIax ceetuMoctu Connna: L 023,8- 10°° Br.

NuTeHcuBHOCTh u3JaydeHusi | — dwusnueckas BenuynHa, XapaKTepH-
3yI0Ilasi MOIIHOCTh M3JIYUYEHUS C €UHUIIBI TTOBEPXHOCTHU 3BE3/IbI, U3MEPSETCS B
Br/m”. Ouenano, uto L = | - S, rae S — miomap MOBEPXHOCTH H3IY4aeMOTO
tena. Cunras 3Be3ay mapom, umeem: L = | - 4zR>%,

JIis BBIYMCIIEHUS! CBETHMMOCTH 3BE3/bl HCMOJB3YIOT 3akoH CredaHa-
BbonbkiiMaHa, corlacHo KOTOPOMY MHTEHCUBHOCTh U3ITy4CHUS
| =oT*,
rae o = 5.67-10° kr-¢ K - mocrosunas Credana-Bonbumana, T — TeMmiepary-
pa 3Be31bl. Torga cBeTUMOCTD 3BE3/1bl ONpeiesisieTcs o hopmylie
L=4~R°cT* [5.6]
rae R — paauyc 3Be37bl.

CeTtuMocTh 3Be31bI L 1 ocBenieHHOCTh E, co3/maBacMas €0 B MeCTe Ha-
omonenust (M3MepseMasi XapakTepPUCTHKA), CBSI3aHbI 3aKOHOM OOpPATHBIX KBa/l-
paToB: 3HAUYCHHE HEKOTOPOU (PU3NYECKON BETUYMHBI B JAHHOW TOYKE MPOCTPAH-
CTBa OOpaTHO MPOMOPIIMOHATBLHO KBAApPATy PACCTOSHUS OT HCTOYHUKA TOJS,
KOTOpOE XapaKTepu3yeT dTa ¢puznueckas BeauunHa. B Hamem ciydae
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5.7]

e d — pacCTOSHHE [0 3BE3/IbL .

NHTEHCUBHOCTD (MOILHOCTH) M3JyYEHUS PHEPIHM €IUHULEH MOBEPXHO-
CTH 3aBHCHUT TOJIBKO OT Temneparypsl. llosHas sHeprus, usinyyaemas 3BE3/10i,
IPOIMOPIMOHANIbHA IUIOIIAAN €€ MOBEPXHOCTH, CIIEOBATENbHO, 3aBUCUT OT pa-
nuyca 3Be3/bl. TakuM 00pa3oM, CBETUMOCTh 3BE3/Ibl 3aBUCHUT OT ABYX €€ (u3u-
YECKHUX XapaKTEPUCTHUK: TEMIIEPATYphl U pajauyca, 1, CIEJ0BATEIbHO, U3MEHSIET-
Csl B TCYCHHUE €€ KUZHU.

3BE3abI pa3nuuaroTcs Mo 1Bery. Jioboe Harperoe Teno H3IIydaeT CBET,
IIPY 3TOM 4YEM BBILLIE €r0 TEMIEpaTypa, TeM OOJIbllIas YacTh CBETOBOM 3HEPIHH
IPUXOJIUTCS HA CHHIOIO (KOPOTKOBOJIHOBYIO) 4acTh crekTpa. CienoBaTenbHo,
3B€3/1a, KOTOpasl BBIMJISAUT Oenol uiu roigy0oBaTol, UMeeT 0oJiee BBICOKYIO
TEMIIEPATYPY, YEM OpaHKEBasl UM KpacHOBaTas. ACTPOHOMHYECKHE HaOII01e-
HUS IO3BOJISIOT JOBOJIBHO TOYHO ONPENENATh UBET 3BE3N. Mcnonw3ys cnenu-
aJIbHbIE CBETO(QUIBTPBI, ACTPOHOMBI ONPEIEISIIOT JJIMHY BOJIHBI Amax, HA KaKyIO
IIPUXOAUTCS MAKCUMYM H3JIy4EHHUS SHEPIHM 3Be3/bl. Temneparypy HOBEpXHO-
ctu 38e37bl 1" (B K) onpenenstor, ucnonb3ys 3akoH Buna:

6
T = 3210 [5.8]

max
IJI€ Amax BBIp@KEHA B HAHOMETPaAX (HM).

Ot Temmeparypbl TOBEPXHOCTHU 3BE3/Ibl 3aBUCUT HE TOJBKO €€ 1BET, HO U
cniekTp. M3ydyenue ciekTpoB 3BE3/] JaET BO3MOXKHOCTD ONPEIETUTh PU3NUECKUE
CBOMCTBa 00BEKTa, €r0 XUMHYECKUNM COCTaB, CKOPOCTh, C KOTOPOH OOBEKT Mpu-
OJIMKAeTCsl WM yJalisaeTcsl oT HabJoaaTesl.

Cxomnble MeXIy cOO0M MO CHEKTPY 3BE3bl OOBEIUHUINA B CHEKTPAJIb-
Hele kiaaceol: O, B, A, F, G, K, M. Jlns nydmiero 3amoMuHaHUs TOCIEI0BA-
TEJIbHOCTU PEKOMEHIYEM HCIIOIb30BaTh M3BECTHYI0 MHEMOHMYECKYIO (pa3y:
«Onun bputeiii Anrnuyanud @unnku XKesan, Kak MopkoBb». CrieKTpaibHbIe
kiaccel O, B, A Takke Ha3bIBalOT ropsiuuMHM, Kiaccel F u G — coHEUHbIMH, a
kiaccbl K 1 M — X0JIOAHBIMH CIIEKTPaIbHBIMU KJIACCAMH.

XapakTepuCTUKH 3BE3] B3auMOCBs3aHbl. B 1913 rony HezaBucumo apyr
ot npyra romtanzaen JiHap ['epummpysr u amepukanen ['enpu Hopuc Peccen
COTOCTAaBWIM HA JMarpaMMe JiBa 3BE3JIHBIX MapaMeTpa: CIIEKTPHI 3Be3] U UX a0-
COJIFOTHYIO 3BE3IHYIO BeJWUMHY. [10 TOPU3OHTAIIBHOM OCHU OTKJIAIbIBAIOT CIICK-
TpajbHbIE KJIACCHI (WJIM TeMMEpaTyphl 3B€3]1), 10 BEPTUKAIHHON — a0COIOTHBIE
3BE3/IHBIC BEJUYMHBI WU COOTBETCTBYIOIIME UM CBETUMOCTHU. ACTPOHOMBI HC-
MOJIB3YIOT Ha3BaHUsSl AMArpaMMa CIHeKTP-CBeTHMOCTh WM TeMIilepaTrypa-
CBETUMOCTb, HO ropasjo vaiie — auarpamma I'epummnpynra-Peccena (I'P) no
MMEHH YUEHBIX, BIIEPBbIE TIOCTPOUBIIUX €E.

B JNEHUCTBUTENHFHOCTH (pOpMYyJia HE TaK MPOCTa, B YACTHOCTH, HEOOXOAMMO YUUTHIBATH MO-
TJIOIIEHUE CBETA B MEK3BEZTHOM Cpeie.
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Huarpamma [P cBsi3bIBaeT JiIB€ OCHOBHBIE XapaKTEPUCTUKU 3BE3[IBI:
CBETUMOCTh (WM aOCOIIOTHYIO 3BE3/IHYIO BEJIIMYMHY) M CHEKTPalIbHBIA Kilacc
(temneparypy). Jns Gonbmioro uymcia 3BE3J TOJBKO JITH XapaKTEPUCTUKU
(cBETHMOCTH H CIIEKTP) MOXKHO MOJIyYUTh HEMTOCPESICTBEHHO M3 HAOJIIOICHHI.

TEMIIEPATYPA ITIOBEPXHOCTH
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CIIEKTPAJIBHBIE KJIACCBHI
Pucynok 5.2. JIlnarpamma I'epiunpysra-Peccena

3Be3apl  Ha  guarpamme [P o0pa3yloT  1mocJjie1oBaTeJbHOCTH.
bonbmmacTBOo 3Be3n (okoino 90 %), pacmonaraioTcsi Ha Jguarpamme BIOJIb
JUTMHHOM y3KOH MOJIOCH — IVIABHOM MOCJea0BaTeJbHOCTH. OHA MPOTIHYJIACh
U3 BEPXHETO JIEBOTO yIJia (OT ToJyObIX CBEPXTUTAHTOB) B HUKHUI MIPABBIM Yro
(mo xpacubIx KapaukoB). K 3Be3maM riaBHOM MOCIENOBATEILHOCTH OTHOCUTCS
ConHlle, CBETUMOCTh KOTOPOIO MPUHUMAIOT 32 eauHUIy. CeKTpaabHbIN Kiacc
3B€3/] IVIABHOW MOCJIEA0BATEIbHOCTH HENPEPBIBHO MEHAETCS OT B 10 M.

CnopaBa Haj TJaBHOW MOCJIEAOBATEIBHOCTBIO PACIOIAraloTcsl 3BE31bl
BBICOKOW CBETUMOCTH, MOBEPXHOCTHBIE TEMIIEPaTypbl KOTOPBIX CPABHUTEIBHO
HU3KK (cnekTpaibhble kiaacchl K m M). Otcroma cieayer, 4To paguychl THX
3B€3]l OYEHb BEJUKH, B JECATKH pa3 Oojblie coiaHeyHoro. OHU MOJyUHIIH
Ha3BaHUS KPACHBIX THUIraHTOB, OOBEKTHl K€ HAMOOJbIIEH CBETUMOCTH,
MPUHAJICKAIIME K OTOM TPYIIE 3BE3J, HA3bIBAIOTCI CBepXruraHramu. B
HIDKHEM JIEBOM YTJ1y, TIOJ] TJIABHOM MOCIIEI0BATEIbHOCTHIO PACIIONOAKEHA TpyIINa
0eJIbIX KaAPJIUKOB.

B mpouecce XKuU3HM M3MEHSIIOTCS M CHEKTP 3BE31, U HUX CBETUMOCT.
CnenoBaTenbHO, B TEYEHHE OJKM3HU 3Be3Ja OyIeT «ImepeMemarbesy IIo
nuarpamme [P, 4TO MO3BOJIAET MPOCIECOUTH SBOJIIOLUHIO 3BE3N. M3menenue
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NOJNI0JICeHUsT 36e30bl HA Ouazpamme C meyeHuem 6pPeMeHU CEA3AHO MOJbKO C
U3MeHeHUueM e€ PU3UYeCKUX XapaKmepucmux.

3BE3/IbI POXKIIAIOTCS BHYTPU TUIOTHBIX oOsacteit M3C, B TUTaHTCKUX MO-
JIEKYJISIPHBIX O0JaKkax, B KOTOPBIX MO Pa3HbIM MPUYMHAM HAYMHAETCS TPaBUTA-
HUOHHOE CkaTue. Kak mpaBuio, 3BE3/1bI pOKIAAIOTCS HE €IUHUYHO, a B CKOILIE-
HusiX. B pasHbix obnactsax BceneHHO# acTpOHOMBI HAOMIOAAIOT MPOTO3BE3/bI,
KOTOPBIC U3Ty4alOT B MHPPAKPACHOM JUaIia3oHeE.

C HayajyioM TEPMOSIICPHBIX PEAKIUi B SApE 3BE3/(bl YBEIUUYMBACTCS CBE-
TOBOE JaBJICHUE, 3BE3/1a «OUUINACTCS» («CAYBAET») JUIIHUE Ta3 U MbUIb U «IIe-
PEXOUT» Ha TIABHYIO IMOCIEI0BATEIbHOCTh JAWarpaMmbl ['epuiimpyHra-
Peccena, rae mpoBoauT OOIBIIYIO YACTh CBOSH KU3HH.

JKu3HEeHHBI LIMKJ 3BE3/bl 3aBUCHT OT €€ MacChl: YEM TsDKeEee 3Be3la,
TeM OBICTpee MPOXOAT B €€ HeJpax TePMOSIECPHBIC PEaKIUU, U TeM Kopoue e
YKW3HEHHBIN UK.

3Bé&31pb1, moo0HbIe ComnHity (¢ maccamu 0,5M, <M < 1,5M ), HaxoasaTcs
Ha TJIaBHOU nocienoBarenbHocTu okono 10 mupa ner. Korna BogopoaHoe Ton-
JIMBO B sIZIpe 3BE3]IbI OYJIET CUEPIAaHO, TEPMOSICPHBIE PEaKIIMi HAYHYTCS B 00-
JacTsx, 0oJyiee Jan€KuX OT LEHTpPa, 3B€3/1a YBEIMUUTCS B pa3Mepax v nepeiicT B
CTaJUI0 KPACHOI0 TUT'AHTA.

[locnennsiss cragus >xu3HU 3Be31bl THIIA CoJIHIIA — 0eJIbId KAPJMK, OK-
PYKEHHBIN MJIAHETAPHOM TYMaHHOCTbIO — HOHU3UPOBAHHOM ra30BOi 000104-
KO, 00pa30BaHHOU MpHU COPOCE BHEIIHUX CJIOEB KpacHOTO ruranta. OTiauyu-
TeJIbHbIE OCOOCHHOCTH O€JIOro KapJiiKa — BBICOKAas TeMIlepaTrypa MOBEPXHOCTH,
Majible pa3Mepbl, OoJblIas IMIOTHOCTh. Macca TUMMYHOTO O€JIOro Kapiuka
cpaBHUMa ¢ Maccoil ConHua, a paanyc npumepHo B 100 pa3 MeHbIIE COTHEYHO-
ro paauyca. TepMmosiiepHbie peakiiy B O€NbIX KapJuKax He UIYT, OHU CBETSAT 32
CYET OCTBHIBAHUS.

Bce Genble kapnuku, HaOII0JaeMble aCTPOHOMAMH, UMEIOT MACChl, MEHb-
ume 1,4M . Teoperndecku 9Ty MPEACIbHYIO MacCy paccyuTanl aMepHKaHCKHI
acTpodusuk nHauiickoro npoucxoxaenus C. Yanapacexap.

DBOJIIOIMA 3BE3/Ibl, MAacca KOTOPOW B HECKOJBKO pa3 MPEBBIINIAET Maccy
ComnHila, MOXET MPUBECTH K TOMY, UTO UX IIEHTpaIbHbIE 00JaCcTH

VYV 3Be3x ¢ maccamu M > 1,5MO TOPEHHE TEJIUsl HAYMHAETCS Cpasy ke
MoCJIe TOro, Kak 3aKOHYMTCS BeCh BOAOpoA. UeM Tspkenee 3Be3da, TEM BBIIIIC
Temieparypa B €€ Heapax. Y MAacCCUBHBIX 3BE3J BO3MOXKHBI TEPMOSACPHBIE
peakiuu o0pa3oBaHUs a30Ta, KUCIOpOAa U APYrux Oojiee TSKENbIX DJIEMEHTOB,
BIUIOTh J0 Xkeje3a. OueHb MAacCUBHBIE 3BE3MIBI MPOXOMST Yepe3 CTaauu
HECTaOMIILHOCTH (TTpUMep: 1edeuabl).

Korga mMaccuBHast 3Be3/1a HCYEpIIAET 3amachl SIACPHOTO TOPIOYEro, €€
[IEHTpaJIbHAsT 00JACTh CUIILHO CKHUMAETCS, U Macca MOYKET MPEBBICUTDH MPEe
Uannapacekapa st Oenbix kapiaukoB. CyIiecTBOBaTb B TaKOM COCTOSHUHU
[EHTPaAJIbHBIE 00JIACTH 3BE3[IbI JOJITO HE MOTYT, B PE3yJIbTare O4YeHb OBICTPO
(OT HECKOJIBKUX CEKYHJ[ JI0 JIOJIM CEKYHJbI) ICHTpajJbHbIE 00JIACTH 3BE3bI
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CKUMAIOTCA — 00pa3yeTcss HeMTPOHHAs 3Be3/1a, OYCHb MajieHbKas (paguyc oT
10 o 100 kM) U oueHb IUIOTHas (CpeAHsss IUIOTHOCTh B HECKOJIBKO pa3
IIPEBBIIIACT [IOTHOCTH ATOMHOTO SIIPa, TO ecTh Goxee 2,8-107 Kr/M°.

Konen xu3Hu y Bcex TsHKENBIX 3BE3]T OUEHb OYpHBIA — OHHM B3pBIBAIOTCS
Kak cBepxHOBbIe || Thmna.

CBepXHOBBIMH HAa3bIBAIOT 3BE3NBI, OJECK KOTOPBIX TIPH BCITBIIIKE
YBEIIMYMBAETCS Ha JIECSITKU 3BE3HBIX BEIUYMH, a 3aTEM MOCTENEHHO CIAJaeT B
TEUEHHE HECKOJIbKUX MecsaleB. CBEpXHOBBIE 3BE3JbI MOJPA3/ICNAOT Ha JiBa
OCHOBHBIX THNA. McToprueckn Takoe AelieHne ObUIO 00YCIOBICHO Pa3InIleM B
WX KPUBBIX Oiecka W B criekTpax. [lo3ke BBISICHWIN, YTO pa3iudHa MPUPOJIA
CBEPXHOBBIX pAa3HbIX THUIIOB: CBEPXHOBbIE THMa la BCHOBIXMBAIOT B TECHBIX
JIBOWHBIX CUCTeMax, CBepxHoBbIe THma Ib, IC u || — mocneanuii stan 3BOIOIUM
OJIMHOYHOM OYEHb MACCUBHOM 3B€3/bl. B KOHIIE )KM3HH SIAPO MACCUBHOM 3BE€3/1bI
COCTOMT M3 AJIEMEHTOB I'PYIIIHI JKele3a. Eciii Macca Kene3Horo sapa

1AM < Myopa < 3M
TO B pe3yJibTaTe KoJularnca sijipa oopa3yeTcsi HeMTPOHHAsl 3Be3/1a, eClu
Mﬂ()pa >3M 0!
oOpa3zyeTcsi YépHas abIpa.

Yépuble abIPbl — 3TO OOBEKTHI, JJIi KOTOPBIX BTOpasi KOCMHYECKas
CKOPOCTh paBHa CKOPOCTH CBETAa. JTO ONpPENENIEHUE IO3BOJIIET PACCUUTATH
TPaBUTALIMOHHBIM paanycC: TPEACTbHBIN paguyc Ui Tela maccoi M, mipu
KOTOPOM HU OJIMH CUTHAJ HE MOKUHET 3TO Teo. Tak, HanmpuMmep, 3eMJITt0 HY>KHO
ckKaThb 70 pa3MepoB mmapuka auamerpom 0,9 cMm, 4ToOBl OHa MpeBpaTHIACh B
yépHyto aeIpy. UépHbIe abIpbl ObLIN TIpeacka3anbl [1. Jlanmaccom B konie XVIII
BEKa.

CuiibHOE TPaBUTALIMOHHOE TOJIE YEPHOM ABIPbl MPUTITHUBAET BELIECTBO
HAXOJIAIIEHCS PSAIOM 3BE3/bl, KOTOPOE, NepeTeKas Ha YE€pHYIO APy, 00pa3yer
MOTOK YCKOPEHHO JABUXKYIIUXCS MO CIUPAIIA BOKPYT KOMIIAKTHOTO 00bEKTa vac-
TUll. BO3HHKaeT pEeHTTeHOBCKOE M3IIy4YeHHE, KOTOPOe (PUKCUPYETCs TeIeCKOoIa-
MU, YTO TO3BOJIAET OOHAPYKUTHh YEPHYIO NbIpy. Takoil MeToj peaan3oBaH Ha
MPaKTHKE.

Bonpocsl, 3a1aHuA U yIpasKHEHUsI
ba3oBblii ypoBeHb CJI05KHOCTH

5.1. Kakue U3 o0sacTei CIIEKTPOB W3IyYCHHS] KOCMHYECKUX TE HEIOCTYITHBI
U1 HaOJIroieHus ¢ 3eMiti?

5.2. CpaBHUTE pa3peniarouryto crnocoOHOCTb COBPEMEHHBIX HA3EMHBIX TEIECKO-
OB ¥ KOCMHUYECKHX TEJIECKOTIOB, pa0OTAIOIIMX B TOM K€ JHAITa30HE JTUH BOJTH.
CremaliTe BBIBOJI.

5.3. YkaxuTe OTINYHsI pauOTENIECKONIOB OT ONTUYECKUX TEIECKOTIOB.

5.4. Kakue XapakTEpUCTUKU 3BE3]] MOXKHO OMNPEACIUTh C IOMOIUIBIO
CIEKTPAJIBHOTO aHaIn3a?
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5.5. Ot Kakux mapaMeTpoB 3aBHCHUT IOJIOKEHHUE 3BE3/Ibl HA TJIABHOM MOCJIEeI0Ba-
TEIBHOCTH?

5.6. Kakas duszudeckas XxapakTepucTHKa 3BE3/1bl ONIPEACIISIET €€ IBOTIOLIMOHHBIN
nyTh?

5.7. IloueMy TepMoOsIIEpHBIE peaKIIMd HE MOTYT IIPOUCXOIUTh B HEJIpax IJIaHET,
HO MPOUCXOJAT B HEAPAX 3BE3N?

5.8. 3anummTe nociaea0BaTeIbHOCTH 3TANoOB 3BorouK COoJIHIIA.

5.9. IlepeuncauTe BUABI IEPEMEHHBIX 3BE3.

5.10. Onumure crpoenue CosHIa.

IHoBbIICHHBIN YPOBEHb CJIOKHOCTH

5.11. CocTaBbTE CHHCOK CaMbIX OOJBIINX TEIECKONOB MUPA, MPUBEIUTE UX Xa-
PaKTEPUCTUKH.

5.12. 3Be3na Bera (o Jlupel) mmeer Buaumyro 3Be3qHyio Benuuuny +0,14;
Hyoxe (o bompmoit Menpenuiipr) +1,95. Mokem i Mbl Ha OCHOBaHHUU ATHUX
JAHHBIX YTBEPXKIaTh, 4TO Bera pacnonoxkena k 3emiie omwke, yem Jyoxe?

5.13. HazoBuTe rinaBHyo NpUYUHY Pa3Indusi CIIEKTPOB 3BE3I.

5.14. [Toyemy crieKTp 3BE3]IbI MOKHO Ha3BaTh €€ MacrnopToM?

5.15. [Toyemy ras, oOpasyromiuii 3BE3/1bl, HE pa3yieTaeTcs?

5.16. Yto o3nHauaer (hpaza acTpOHOMOB «3Be3/a MEPEMEIIACTCS M0 AUarpaMMe
I'epummpynra-Peccena»?

5.17. Kak Buaenu Obl )KuUTeIU 3eMId O€NbIid KapiauK, €Cii Obl OH HaXOAWJICS Ha
mecte ConHa?

5.18. Moxet nu CouHIle BCIBIXHYTh Kak cBepxHoBasi? [Touemy?

5.19. Ykaxxute MpUINHBI N3MEHEHUS OJiecka medeuns.

5.20. PaBeHCTBO Kakux cuj obecrnieunBaeT paBHoBecue ComHia?

5.21. Kakas o6macts CojtHIla UIMEET CaMylO BBICOKYIO TEMITepaTypy?

5.22. Onumure, KaK MPOUCXOAUT mepenada sHepruu u3 Henp ColiHIAa K €ero
MTOBEPXHOCTH.

5.23. Ectb M pa3nauuusi BO BHYTPEHHEM CTpOE€HHMM 3BE34 Tuma CoyHIAa U
MAaCCHBHBIX 3BE3117 ONUILINUTE UX.

Bbicokuil ypoBeHb CJ105KHOCTH

5.24. B onTHueckux TEJIECKOIax JIsl BU3yadbHBIX HAOMIOACHUN 3aaHHUi (DOKYyC
00BEKTHBA COBMAJaeT ¢ MnepeaHuM (OKYCOM OKYJsipa, U U3 OKYJISpa BBIXOJIUT
napasuieJbHbIN My4dok Jydeil. Kakum oOpa3zom HaOmogarens BUAUT U300paKeHUE
HeOeCcHOro oobekTa’?

5.25. OkaspIBaeT M CBET KOCMHUYECKHX OOBEKTOB JaBJIEHHE Ha OOBLEKTHUB U
OKYJISIp ONITUYECKUX TENIECKONOB? OTBET MOSICHUTE.

5.26. MoxHO 1 HabIIOIaTh MHTEP(PEPOMETPUUECKYIO KapTHHY OT OJTHOM 3BE3/IbI;
OT JBYX 3BE31?

5.27. 3B&3/1bI KaKMX CIEKTPATbHBIX KJIACCOB UMEIOT HAMMEHBIITNE MACChI?
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5.28. Tlouemy y 3B€31 Tuna CojHIIa B MPOIECCE IBOJIOIMHN HE 00paszyeTcs e-
JIE3HOE S1p0?

5.29. OObsicHUTE MEXaHW3M OJHOBPEMEHHOIO MPOTEKaHMs JIBYX IPOLIECCOB B
KpacHOM TUTaHTe: CKAaThe SApa U paclIipeHre BHEITHUX CIIOEB.

5.30. edennbr u cBepxHOBBIC TUIA |a HA3BIBAIOT CTAHIAPTHBIMH CBEUYaMHU.
[Touemy?

5.31. Bce mu HEUTPOHHBIE 3BE3/IBI SIBISIFOTCSI ITyJIbCapamu?

5.32. Kakue ¢usmueckne XapaKTEPUCTUKUA 3BE3THOTO CKOIUICHUS MOYKHO
YCTaHOBUTH T10 €TO TUATPAMME «CTIEKTP-CBETUMOCTE?

IIpumeps! pemrenust 3aga4

IIpumep 5.1. JlroOutenp acTpOHOMHUM KYNHJI BMECTO CBOETO CTaporo 6-
CaHTUMETPOBOIO TEJIECKOIA HOBBIHM C 3epKajioM auameTpoM 12 cMm. Ouenure, BO
CKOJIbKO pa3 Oojee ciabble 3Be3[bl OH TENEpPh CMOXKET HaOI0AaTh, €CIH
OCTAJIBHBIE IapaMEeTpbl TEJIECKONA OCTAIMCh NPEKHUMH. UTO eme MOXKHO
CKa3aTh O BO3MOYKHOCTSIX HOBOI'O TeJecKkona?

Pewenue. HoBblil Teneckon MMeEET IUIOMAAL OOBEKTHBA B 4 pasza OoJiblie
cTaporo. 3HaUUT U CBeTa OH colepeT B 4 pasza Oosblne. 3HAYUT MPUMEPHO B 4
pa3a Oosee cimabble 3Be3/bl Mbl CMOXKEM B Hero Habmwoaats. Ilomumo sToro,
yBEIIMYEHUE JUaMeTpa OOBEKTHMBAa TOBBICUT B 2 pa3a pa3peuarollyro
CIIOCOOHOCTh TEJIECKONla M €My CTaHyT JOCTYNHbI OOJie€ TECHbIE JBOMHBIE
3Be3/Ibl, OOJbIIE JeTajeld Ha MOBEpPXHOCTU JIyHBI M TUJIaHET, MOXHO OyJeT
UCITI0JI30BaTh OOJIBIINE YBETUYEHUS U T.1I.

Ipumep 5.2. CpaBHUTE OCBEHMIEHHOCTH, CO3JaBaéMble Ha 3eMJjie 3BE30M
Anpne6apan (0,8™) u nnaneroit Benepa (—4.2M).

/amo: Pewenue: Onpenenum pazHOCTb 3BE3HBIX BEIMUUH BeHepsl u
my=-—472 AnpnebapaHa:

m, = 0,8 0,8—-(—4,2)=5,0.

E Pa3nuiie B 5 3BE3QHBIX BEIMYMH COOTBETCTBYET W3MEHEHHE
E, ' ocsenieHHoctu B 100 pas.

Oteer: OcBenmieHHOCTh, co3fgaBaemass Benepoir, B 100 pa3 mnpeBblaer
OCBEILEHHOCTh, CO371aBaeEMyI0 AJibe0apaHoM.

IMpumep 5.3. Kakoe konnuecTBO 3BE37 16-i1 3BE3IHOM BENMYMHBI MOTYT AaTh
CTOJIBKO K€ CBETa, CKOJIBKO JAET oJHa 3Be34a 1-1 BeTUUIUHBI?

Jlano: Pewenue: O6030aunM E; U E15 — OCBELIEHHOCTH, CO3/1aBa€MbIE
m=1 3Bé31aMHu 1-i1 U 16-11 3BE3QHBIX BeIMUMUH. Torma

m, =16 E, = N-Eyg,

N—7? | rae N — uckoMast BenumHa.
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Bocmonb3yemcs hopmyioii: lg| = |=-0,4(m, —m,)

my

Ig 5 :IgmzlgNz—OA(lm —-16")=6
E2 E16

Otser: N= 10° 3B&371.
3amaum 0a30BOro ypoBHS CJI0KHOCTH

5.33. Ha cBeTy 3payok 4enoBEYECKOTO TIja3za CyKaeTcs 10 2 MM, a B IOJHOU
TEMHOTE MOKET pacimpsATbes 10 6 MM. Kak mpu 3TOM U3MEHSITCS ONTUYECKHE
xapakTepuctuku riaza? [louemy 310 mpoucxoaut?

5.34. Omnpenenure MakcuMaiabHOS pazpericHue boaemoro Kanapckoro
Teneckomna, (quametp 3epkana 10,4 M), paboTaroiiero B ONTUYECKOM JUara3oHe
Ha JUIMHE BOJHEBI A = 6x107 m.

5.35. Bo ckombko pa3 Cupuyc spue [lonsipHoii 3Be3/1517

5.36. Onna 3Be3na spue apyroi B 20 pa3. Onpenenure pa3HOCTh UX BUIMMBIX
3BE3THBIX BEJIMYUH.

5.37. Bugumas 3BEé3mHas BenmumHa Purems +0,1, abcomorHas —7,0.
Omnpenenute paccrosHue 10 Purens.

33[[21‘11/1 MOBBIIICHHOI'0O YPOBHA CJIOKHOCTH

5.38. Kocmuueckuit pamumountepdepomMerp paboTaeT B CAHTUMETPOBOM
JMana3oHe JUIMH PajroBOJIH, OJHA M3 aHTEHH HAXOJWUTCS Ha 3emiie, a BTOpas B
KocMoce Ha paccrosiHuu 326 000 kM oT miuaHeTsl. Onpenenure pazpenaronryro
CIIOCOOHOCTH paIMOMHTEPPEPOMETPA.

5.39. Bo ckombkO pa3 OCBEHIEHHOCTh, CO37aBaeMas 3BE3J0H C BHIUMOU
3B&3qHON BemmumHOll 3,4", cmabee, YeM OCBEHICHHOCTH, CO3/JaBacMasi
Cupuycom (—1,6™)? Onpenennte aGCOMIOTHBIE 3BE3IHBIE BETMYUHEI OTUX 3BE3,
€CIIM PACCTOSTHUE IO KaKIOM U3 HUX COCTAaBJISIET 3 TIK.

5.40. CetumocCTh 3Be311bI B 6 pa3 Oonbie, yeMm y CoHIIA, a OCBEIICHHOCTh OT
Hee mpu HabmomeHMH ¢ 3emum coctamier 6-10 ™ Br/m°. Uemy paBHO
PacCTOSTHUE 10 3TOM 3BE3/bI?

5.41. 3Be370ii kKaKoil BeMMUUHBI OyJeT BHITIsAeTh ConHile ¢ opOuThl Ypana?
5.42. TIpoTo3Besna CKHMaercs OT COCTOsHHA ¢ pamaycom 2-10° kM u
temneparypoit 3000 K B cocTosiHue ¢ pagumycom 10° kM u temneparypoi 4500
K. Ucnonw3ys 3akon Credana-bonbliMana, oObSICHUTE, KaKk H3MEHsETCS €&
CBETUMOCTb.

5.43. Macca siapa KpacHOTO ruraHTa B 4 paza MeHblne Macchl CoJHIIA, a €ro
paauyc paBeH 15 000 kM. O0onouka ruranta uMeer B 2 pa3a OOJbIIYIO Maccy,
4eM SApo, U paauyc, paBHbiil 0,5 a.e. Beruucnure cpenHiow MIOTHOCTH sapa U
O00OJIOUKHM TWUTaHTa W HaiauTe WX oTHomeHue. CpaBHHUTE 00a MOTYYCHHBIX
pe3ynbTaTa ¢ IIOTHOCTHIO siApa ConmHua.
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5.44. Tony06oii TUraHT HWMEI MacCy, paBHYH 15 COJIHEUHBIM Maccam, H
noBepxHocTHYI0 Temmeparypy 20 000 K. Korma on mepemén B cTaguio
KPaCHOTO CBEPXTMT'aHTa, €ro CBETUMOCTh HE HW3MEHWIAach, a TeMIeparypa
nonusmiack 10 4 000 K. Bo ckoiabko pa3 UBMEHHIICS painyC 3BE3/1b17

5.45. CeetuMocTh Asbaebapana B 518 pa3 mpesbiinaer ceetuMocTh ColHila, a
TeMriepatypa ero nosepxHoctd okojio 4 000 K. Bo ckonbko pa3 Anbaedapan
oonpbire ConHia?

3anaqn BBICOKOI'O YPOBHHA CJIO0KHOCTHU

5.46. Actponombl [lpeBHero Kwurtas, wucmnonb3ys TOJBKO BU3yallbHbIC
HaOroIeHNS, OTKPBUTH Hamnuue nateH Ha Comaie B 1VB 10 H.3. KakoBbl ObutH
pa3Mephbl STUX NSATEH?

5.47. ]JIBe OAMHAKOBBIE 3BE3[Ibl, PACCTOSHUE MEXKAY KOTOpPhIMH 2 a.c.,
oOpaImiarTcsi BOKPYT Jpyr Apyra mo Kpyrood opOurte. Cucrema yjaneHa OT
3emiu Ha 200 CBETOBBIX JIET U PACHOJIOKEHA MEPIECHAUKYISIPHO JIy4y 3PEHUS.
Teneckon ¢ 3epkaJioM Kakoro JuMaMeTrpa HYXKHO HCIOJIb30BaTh, YTOOBI
HaOJIIOAAaTh 3TU 3BE3]IbI KaK OT/CJIbHBIC HCTOUHUKHU Ha JIJTUHE BOJIHBI A = 2 MKM?
5.48. 1,7-MeTpOBBIM TEIECKON MPOBOIUT HAOJIOJICHHS HEOSCHOTO OOBEKTa B
teyeHue 1 yaca. Kakoe Bpems pu Tex e yCIOBUSIX HaOJIIOICHUS TOTpeOyeTCs
5,6-MeTpOBOMY TENECKOIMY, YTOOBI BHIIIOJIHUTH TO JK€ CaMOe 3aJaHue (TOJTyIUTh
aHaJoruunyro gotorpaduro)?

5.49. BrrunciauTe CBETUMOCTH HEHTPOHHBIX 3BE3 OMHAKOBOTO pannyca R = 10
KM, TEMIIEpaTypbl KOTOPBIX 10° K, 10" K, 10° K. Ha kakWe IIHHBI BOJH
MIPUXOJIUTCS MAKCUMYM HM3JTy4EHUS KaXI0U 3Be3/1b17 MOXKET I caMas sipKast u3
ATUX 3BE3[ NMOMeEIIeHa Ha nuarpammy ['P?

5.50. Cxatue MEX3BE3MHOTO MOJEKYISIPHOro oOJaka HaYMHAETCs, eCJH
CpeaHsisi CKOPOCTh €r0 YacTHIl B 2 pa3a MEHbIIE NMEPBOM KOCMUYECKON CKOPOCTH
st atoro  obmaka. Cdepudeckoe MOJEKYISIpHOE 00JIaKo, COCTOSIIEe
MPEUMYIIECTBEHHO U3 Boaopojia, umeeT Maccy 1 000 colHEeuHbIX Macc, paauyc
10 ik u Temnieparypy 10 K. Byner nu 310 061aK0 KOJIIIAIICUPOBAThH?

IIpakTuyeckas padora Ne 4
Auarpamma I'epummpynra-Peccesna u eé anaaus

Llenv pabomel. TOCTPOUTH JUATPAMMYy TeMIIEpaTypa-CBETUMOCTh U YCTAaHOBUTh
B3aMMOCBSI3b MEX]1y HA0JII01aeMbIMU XapaKTEPUCTUKAMU 3BE3 .

Ilpuboper u mamepuanvl: MUIIAMETpoBass Oymara, KapaHjail, LIBETHbIC
KapaHJalllh WIA PYYKHU, TUHEHKA.

Xoxa padoTbl

B tabnune 5.1 nansl xapakrepuctuku 38€31: Temneparypa 7 (B K), cBeTUMOCT®,
BbIpaxkeHHas B cBeTUMocTsAX ConHna (cBetumocTh ComHia npuHara 3a 1).
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3apanue 1. Ha muwiinmeTpoBoit 6ymare noctpoite auarpammy I 'epimmnpyHra-
Peccena s mpuBeneHHBIX B Tabnwuile 3BE3/1. [1o ropu3oHTanbHON OCH OTKJIa-
JBIBAliTE TEMIIEpaTypy, 0 BEPTUKAIBHON — CBETUMOCTH (B cBeTUMOCTSAX COJIH-
na).
3amanue 2. Ha rop30HTaIbHON OCH YKAXKUTE CIIEKTPAIbHBIE KIACCHI 3BE3I.
3aganue 3. OTMeThTE Ha IUArpaMMe IJIaBHYIO MOCJIEI0BATEIBHOCTh U 00JIaCTH
KpPACHBIX TUTAHTOB, OCJIBIX KAPJINKOB, CBEPXTUTAHTOB.
3ananme 4. [locTpoiiTe Ha AMarpaMMe BEPTHUKAJIbHBIE IBETHBIE MOJIOCHI, COOT-
BETCTBYIOIIME LIBETY 3BE3/

Tabnuna 5.1. Temneparypa 1 CBETUMOCTb 3BE3]T

Ne 3Be3na T LIL
1. | Comnue 5300 1

2. | a llentaBp A 5500 1,3

3. |allentaBp B 3900 0,36
4. | bapnapna 2500 0,0004
5. | LALANDE 2118 2900 0,005
6. | Cupuyc A 10100 23

7. | Cupuyc B 10400 0,008
8. | Pocc 248 2400 0,0001
9. |61 JleGens A 3900 0,08
10.| 61 JleGens B 3600 0,04
11.| IIpormon A 6200 7,6
12.| IIpormon B 7100 0,0005
13.| Ducunon Uuaeia 3900 0,13
14. | Kanomyc 7100 1500
15.]| Apkryp 4200 90
16. | Bera 10400 60
17. | Kanenna 5600 150
18.| Purens 11500 40000
19. | berenbreiize 2900 17000
20. | AxepHap 14000 200
21.| bera Kenraspa 21000 3300
22.| Anbraup 7700 10
23.| Anbnebapan 3900 90
24.| Crinka 21000 1900
25.| AnTapec 3100 4400
26.| [lened 9900 40000
27.| bexpykc, unu Mumosa 22000 6000
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3ananme 4. [locTpoiiTe Ha AMarpaMMe BEPTUKAJIBHBIC LBETHBIE IIOJIOCHI, COOT-
BETCTBYIOILIME LIBETY 3BE3]
3apanme 5. Ha nmarpamme NpoBeOUTE JMHUH, BJIOJIb KOTOPBIX PACIIOJIArarOTCs
3BE3/1bI OJJMHAKOBOI'O Panyca.
3aganue 6. [Ipuseaure npumMepsl 38361 THNA COHIA, MACCUBHON 3BE3/bI CIICK-
TPaJIBHOTO KJlacca B; masoMacCMBHOM 3Be31bl crieKTpanbHOro kmacca M. Ilo-
CTPOMTE UX IBOJIFOLIMOHHBIE TPEKU HA TUarpamme.
3ananme /. OTBETHTE HA BOMPOCHI:

= Kak cBs3aHbl TEMIIEpaTypa 3BE3/bI U €€ IIBET?

= K kakomy CIeKTpaJbHOMY Kilaccy oTHocutcs Hate CosHile?

» KaxoB ¢usndeckuii cMmpicn auarpammsl ['epummpynra-Peccena?

6. TAJTIAKTUKU
OcHOBHBIC IOHATHSA, 3AKOHBI U GOPMYJIbI

Hama ConHeuHas cuctemMa HaXOOUTCS BHYTPU THTAHTCKOTO 3BE3THOTO
OCTpPOBa, KOTOPBIA MbI BUJIUM U3HYTpH Kak noJjiocy Mneunoro [Iytu. B nepeso-
JIe ¢ ApeBHErpedeckoro galaxias o3HadyaeT MOJIOYHBIM (MJICUHBIH), YTO W JIAJIO
Ha3BaHHWE 3BE3JHBIM CHCTEMaM — rajakrukaM. Hamn 3BE3MHBIA OCTPOB MMEET
nBa Ha3zBaHus: Mueunbiit [1yTh u ["astakTrka (00A3aTEIbHO C 3arJaBHON OYKBBI).

B T'anmaktuke kpome 3BE3]T COAEPKUTCS MHOTO Tell (IJIaHEThI, CIyTHUKH,
acTepouibl U T.II.), & TAKXKE HEOJHOPOJHAS MO IUIOTHOCTU MEXK3BE3HAs cpelia
(ra3, mblIb, KOCMUYECKUE JIYUH ).

PaccTostnus mexay coceTHUMU 3BE3/1aMU B TajlaKTUKaX (B TOM YHCJIEC U B
HaIlen), Kak MpaBwio, B MIJUJIMOHBI Pa3 MPEBBIIIAECT UX Pa3MEPhI, U UEM JaJIbIIIC
3BE€3/1a OT LEHTPA FaJIaKTUKHU, TEM JAJIbIIE OT HEE HAXOIATCS 3BE3BI-COCEU.

CBeT He IPOHUKAET CKBO3b TUIOTHBIE MEK3BE3/IHbIE 00JIaKa raza v MbLIH,
KOTOPBIX OCOOCHHO MHOTO B HANpaBJICHUU K IEHTPY [ alakTHKH, MO3TOMY ISt
e€ Mccle0BaHus UCTIONB3YIOT MH(PpaKpacHbIE U PAAHOTEIECKOIBI, a B MOCTE/I-
Hee BpeMsi — raMMa-Tesieckonsl. Habmonenus nokasanu, 4To 3B€3/Ibl U ra3 B ra-
JAKTUYECKOM JIMCKE JABUKYTCS BOKPYT LEHTpa ['aJakTHUKU CO CKOPOCTHIO OKOJIO
250 km/c. Hame CosiHile BMECTE ¢ IJIAHETaMHU TOXKE JIBHKETCS ¢ TaKOM CKOPO-
CThIO, COBEpIIasi OJUH OOOPOT BOKPYT TaJlaKTUYECKOrO ILIEHTpa MPUMEPHO 3a
200 mutH. ner.

Huametp ['amaktuku coctasiser no kpaitneir mepe 100 000 cB. ner., a eé
LHEHTP HAaXOoJIuTCA NpuOanM3uTenbHo Ha paccrosinuu 27 000 cB. net ot 3eminu. B
["amaktuke 6osee 200 mip. 3BE3/1 caMOii pa3HOM CBETUMOCTH U 1IBETA, KOTOPHIC
00pa3yroT 3BEé3/IHbIE CKOMJIEHHS.

IIlapoBble 3Be3/IHbIE CKOIUIEHUs — CTapeie o0beKThl Hamel ["amak-
TUKHU: OHH 00Pa30BAMCH OJHOBPEMEHHO ¢ Heil. OHM KOMMIAKTHBI, XOTS COJAEP-
AT COTHHU THICSY 3BE3]], B HUX HET MAaCCUBHBIX TOPSYUX 3BE3]I, MAJIO ra3a u Ibl-
M.
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PaccesinHble 3Be3/IHbIE CKOMJIEHHsI OOBIYHO COJIEPkKAT HECKOIBKO COTEH
3BE3/], B HUX MHOT'O MOJIOJIBIX TOpsiYMX 3BE3/. BO3pacT CKOIJIEHHUI U BXOIAIINX
B HUX 3BE3]1 ONPEAETAOT o guarpamme I 'P.

B nentpe 'anakTuku HaXOIUTCSI CBEpXMacCHBHAs (IPUMEPHO 2 MJIH COJI-
HEYHBIX Macc) Y€pHas JapIpa.

Mineunsiit [IyTh — 01Ha U3 OECUMCIEHHOIO KOJIMYECTBA TrajakTHK, OOHA-
PYXE€HHBIX BO BCelleHHON C MTOMOIIBIO KPYIHBIX TEJIECKOIOB. ["allakTUKK TIpH-
HATO PA3feisaTh 1Mo GopMe Ha CHHPAJbHbIE, JIIMNTHYECKHE W HENMPABUWJIb-
Hble, HO BCE OHHU COJIepKaT (XOTSA M B Pa3HbIX MPOIOPIUIX) 3BE3AbI PA3TMUHBIX
TUIIOB Y BO3PACTa, MEK3BE3AHYIO CPEAY U HEBUJUMYIO TEMHYI0 MATEPHIO.

TéMHass maTepusi HE U3JIyYaeT JIEKTPOMArHUTHBIX BOJIH, HE YYAaCTBYET B
AIIEKTPOMArHUTHOM B3aMMOJICMCTBUM, COTJIACHO TEOPHUH, CJIa00 MPOSBISETCS B
SJICPHOM M C1a00M B3aUMOJICHCTBHSAX, M 10 MAacCe B HECKOJBKO pa3 MPEBBIIIACT
CyYMMAapHYIO0 Maccy BUJMMOIO BEIIECTBA.

Hanbonee BeposiTHBbIE KaHAWAATHI B COCTABISAIONMIME TEMHON MaTepuu —
TUIIOTETHYCCKHUE CJIa00B3aMMOJICHCTBYIOIME MaccuBHBIe dvacTuibl, WIMP
(aurn. Weakly Interacting Massive Particle). B pycckoM si3bike CIEIHaTbHOTO
Ha3BaHU JJI1 TAKKX YACTHUIl HET, MHOT/1a X HA3bIBAIOT BUMIT-YACTHIIHI.

lManakTuku yaajasroTcs IpyT OT Apyra: 00 3TOM CBHACTEIBLCTBYET CMeIlle-
HUE JIMHUN B CIIEKTPaX rajakTHK B «KPaCHYIO» CTOPOHY, 3TOT 3(PheKT ObLT Ha-
3BaH KpPacHbIM cMeleHueM. [Ipu sToM yeM mabIie HaXOAATCs TATAKTHKH, TEM
c 0oJbIICH CKOPOCTHIO OHU yaNAtoTCA. . KoJnuecTBEeHHO KpacHOE CMEICHUE Z
XapaKTepU3yeTcsi OTHOCUTEIbHBIM M3MEHEHUEM JJIMHBI BOJIHBI CHEKTPAIbHBIX
JTUHAN

AL A=A,
Th A
rne Ao — JUIMHA BOJHBI CHEKTPalbHOM JIMHMM B JlabopaTtopuud, A — B

Ha0JII0/1aeMOM CIEKTpE.
[To n3BeCTHOMY KpacCHOMY CMEIICHUIO MOKHO ONPEACIUTh CKOPOCTh yIallCHUS
(v mpuOIMIKEHUS) TATTAKTUKU:

Z=C-—=C-Z

rze ¢ = 3-10° km/c — CKOPOCTH CBeTa.

OnuH Xa0051 yCTaHOBHUIJ, YTO CKOPOCThH YJaJeHUs TaJaKTHKH V IPOCTO
OIpeeNIIeTCs] YMHOXKEHHEM paccTossHus d 10 Heé Ha HEKOTOPYHO MOCTOSHHYIO
H, xoTtopas noiyuyusiia Ha3BaHHUE MOCTOssHHOM Xab6mna: v = H-d. Torna Benuuu-
Ha, oOpatHas mocrosiHHoM Xab6mna (1/H), o3HauaeT BpeMs paciupenus: Bce-
JICHHOM, TO €CTh €€ BO3pacT, a caM 3aKOH Xa00J1a CBUICTEIHCTBYET O KOHEYHO-
ctu BceneHHoM BO BpEMEHH U 0 TOM, YTO OHA UMEJIa HavaJIo.

VY 4acTu rajakTHK B IIEHTPE HAOJII01aeTCS MOIIHBINA HCTOYHHUK YHEPTUN —
AKTHBHOE SIIPO, CBETHMOCTH KOTOPOTO B PSAAC CIy4acB OOJIbIIE CyMMapHOU
CBETHMOCTH BCEX 3BE3]I rajlaKTUKH, IOJO0HOM Halmiel. AKTUBHOCTH siapa 00b-
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SCHSIIOT TMaJICHHEM (aKKpeluei) raza Ha CBepXMacCUBHbIE u€épHbie abIphl. K ak-
TUBHBIM TaJIaKTUKAM OTHOCSTCS KBa3aphbl.

Kak u 3BE311p1, ralakTUKHA 00pa3yioT CKOIJIEHHsI, OCHOBHYIO MacCy KOTO-
PBIX COCTaBJIsICT HEBUIUMAs TEMHasi MaTepusi — opMa MaTepHUH, KOTOpas He
HCITYCKAeT AJIEKTPOMAarHUTHOTO U3JIYYCHHUS M HAIIPSIMYIO HE B3aUMOJICHCTBYET C
HHM, 9TO 3aTPYAHSCT U HA HACTOSIIUNA MOMEHT JICIacT HEBO3MOXKHBIM €€ mpsi-
Moe HaOmonenue. Ceiluac MPUHATO CUUTATh, YTO TEMHAsl YHEPTUs CBSI3aHA C
KOCMOJIOTHYECKOM MOCTOSTHHOM A.

Bomnpocsl, 3a1aHus U yHIPpaKHEHUS
ba3oBblil ypOBeHb CJI0KHOCTH

6.1. [TocTpoiite cxemy ['anakTuku U yKaxkute €€ CTPYKTYPHBIC JJIEMEHTHI.

6.2. [lepeuncanre 0OBEKTHI, BXOAAIIUE B COCTaB ['aJaKTUKU.

6.3. [louemy Hallla rajJaKTUKa UMEET JIBa Ha3BaHUsI?

6.4. YkaxxuTe OTaIMYus MIAPOBBIX 3BE3/IHBIX CKOIUIEHUN OT PacCEsHHBIX.

6.5. ['ne B 'anakTrke HaXOJATCS paccessHHbIE CKOIUIEHHUS, a IJIe — IIapoBbie?
6.6. MoxHO 11 YBUJETh Ha HEOE pyrue raJlakTUKU HEBOOPYKEHHBIM IIa3oM?
6.7. Ecnu na, To npuBeauTe NpUMEPhl TAKUX T'aJIaKTHUK.

6.8. Uto Takoe MexX3BE3THAS cpela U U3 YeTO OHA COCTOUT?

6.9. Ykaxute orinmuust AudQy3HBIX TYMAaHHOCTEH OT MJIaHETAPHBIX.

6.10. DaBuH Xa00 mpeaIoKuI Kiaccu(UKAIMIo rajJakTuk mo ux ¢gopme. Ka-
KM€ OCHOBHBIE THUIIbI TAJIAKTUK OH BBIIEITUII?

6.11. K xkakoMy TuIly rajakTuK OTHOCUTCS Mneunsrtii [1yTh?

6.12. Kakoii ¢puznyeckuii CMbICT IMEET MOoCTOsTHHAs Xab0ma?

IHoBbIICHHBIN YPOBEHb CJIOKHOCTH

6.13. [Touemy 3BE3/bI MIAPOBBIX CKOIJICHUN UMEIOT HU3KYIO METAJUTHYHOCTH?
6.14. TTouemy poxaeHre 3BE3] HAUMHASTCS B XOJIOJHBIX ra30MbIIEBBIX 00JIaKax,
a He B 00JIACTSAX rOpSYETo Pa3peKEHHOr0 aTOMapHOTO ¥ MOHU3UPOBAHHOTO Ta-
3a?

6.15. Moxer 1 B IJIaHETApHOM TYMAaHHOCTH HadaThCs 3BE31000pazoBaHue?
OTBET MOSACHUTE.

6.16. EcTb 1 OTJIMYMS B COCTaBE CIUPATBHBIX U SJUIMITHYECKUX rajakTuk? Ec-
JIM J1a, TO Kakue?

6.17. Kak nposiBisieTcsi akTUBHOCTD sIJIep rajJakTUK?

6.18. Uto Ha3bIBAIOT KPaCHBIM CMEIlIEHUEM?

6.19. B cnektpe ramakTuku AHAPOMEIb HAOMIOAACTCS CABUT CHEKTPaIbHBIX
JUHUN B (UONETOBYIO (KOPOTKOBOJIHOBYIO) 4YacTh crekTpa. Kakoilt BbBoOm 0
JBIKEHUW 3TOM TaJaKTUKH 110 OTHOIICHHIO K HaIlleH CleAyeT clejaTh Ha OCHO-
BaHHUH ITOro (hakra?

6.20. Cepreit HaBEn CBOM TelIeCKON Ha 00JacTh HeOa B OKPECTHOCTSX 3BE3JbI
Jlene0, a MatBeit — Ha 001acTh B co3Be3qun bombmoi Menseauisl. Ko u3 Hux
YBUIUT OOJBINE 3BE3]T, & KTO — OOJIBIIE TATAKTUK?
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Bbicokuil ypOBEHb CJI0KHOCTH

6.21. Ilouemy B ["anakTuke He HAOJIIOAAETCS MOJIOIBIX IIAPOBBIX CKOTIJICHUNA?
6.22. ACTpOHOMBI HCIIOJB3YIOT KPAaCHOE CMEIIICHHE 1T U3MEPECHHS PACCTOSHUM
710 TaIEKUX 00BEKTOB. Y CTAaHOBUTE COOTBETCTBUE MEXIY KPACHBIM CMEIICHHUEM
U CBETOBBIM T'OJIOM.

6.23. MbI BUIUM TalakTUKy AHAPOMEBI TAKOW, KaKoW OHa ObLIa 2 MITH JIET Ha-
3an. Ecim Ob1 cMorin yBUAETh €€ ceiyac, TO KaKue M3MEHEHHUS Mbl ObI MOTJIH
3aMETHUTh?

6.24. Ha puc. 6.1 npuBenena nadmogatenpHas [ P-quarpamma ckortenus NGC
1261. Kakwue 3BE31bI Tpeo0i1aiaroT B 3ToM ckoruieHnn? K kakoMy Tuiry — mapo-
BOE WJIM PACCESTHHOE — OTHOCUTCS ATO CKOIuieHHe? UTo MOXKHO CKa3aTh O BO3-
pacTe ATOTO CKOIIJICHUS?

13" T T T T T T T T ]
NGC 1261
YL .

15 o * -

17"' © -

19

21F

234

= L L 1 A A L A A A A 7]
-0.2 0.2 0.6 1.0 1.4 B-V
Pucynok 6.1. I'P nuarpamma cxomnenust NGC 1261.

6.25. KakoBa Oyzmet ckopocTh yAaleHus: 00beKTa, KpaCHOE CMEIEHUE KOTOPOTO

z2>1?

6.26. Kak MOXHO OTJIMYUTH KBa3aphl OT 3BE37] MO JaHHBIM HAOIIOICHUN?
IIpumeps! penienus 3a1a4

IIpumep 6.1. Ha kakoM paccTosiHUU OT 3€MJIM HAXOJIUTCS TalIaKTHUKa, CKOPOCTh
ynaneHnus koropoii pasua 18 000 km/c?

ano: Pewenue: icnons3zyem 3akon Xab6na v = H-d, oTkyaa
v =18 000 xm/c v 18000xm / ¢

d=—;d= =264,7M,
H = 68 km/(c-Mric) H 68xm / (¢ - Mnx) "
d-—?

OtBer: 264,7 Miic.
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IIpumep 6.2. Ha myTn KOCMHYECKUX MYTELIECTBEHHUKOB 0Ka3a710Ch MEX3BE3I-
Hoe o0tako pasmepoMm 100 a.e., B koTopoM Ha 1 cm® MIPUXOJUTCS B CPEAHEM 10°
qyacTull. BbISICHUB, 4TO KOHIICHTpALUS MOJIEKYJ BOJIBI B ’TOM 00JIaKe COCTaBIIs-
et 10” ot cpemHeii, SKuMax Kopadst PEIIrI IOMOIHATE 3arackl BObL. Jist 3T0-
ro KOCMOHABThI MCMOJB3YIOT CIEHUANIbHYIO JIOBYIIKY auameTpoMm 10 M, pacrio-
JIO’)KEHHYIO CHApYXXH KOpalys. YCIET JJU OHU cOOpaTh ATOM JIOBYIIIKON TOHHY

BOJIBI, TIpOJIeTas yepe3 00IaKko co CKopocThio 50 km/c? Macca MOJIEKYIIBI BOJIBI
-23
3-10°° 1.

/lano: Pewenue: Tlpu nponére CkBO3b 00JIAKO JIOBYIIKA 3aMeTaeT
I =100 a.e. 9acTh 9TOTO oOmaka B (opme muwimHIapa, 00bEM KOTOPOTO
r=10wm PaBeH JUTHHE ITyTH KOpabJis CKBO3b 00J1aK0

m,=3-10%r V=m?1=12-10" v,

v =50 km/c I — paanyc JOBYIIKH, | — pasmep obOiaka.

n=10° Bcero B o1HOM KyOHM4YecKOM caHTUMETpe oOJlaka COACP>KUTCS
M=1rT 10° wactu, u3 Hux Tombko 10%/10° = 10 Moneky: Bombl. B ox-
Moy - ? HOM KyOHUYECKOM METPE COJCPIKUTCS 10’ MOJIEKY] BOJIBI.

B 1 TonHe BOABI — 3.3-10%® MOJIEKYJ. Ilpy TakoW KOHIEHTpalWyd TOHHA BOJIbI
comepxuTcs B 00beme 3.3 + 107 m°. [IponéT gepes 310 0611aK0 GyaeT IMpoIod-
*Katbcs B TeueHue 9.5 ner. Takum oOpazom, pu mpoJieTe KOCMOHABTHI HE yC-
nerT coopath 1 TOHHY BOABIL.

3agaum 0a30BOr0 YPOBHS CJI0KHOCTH

6.26. Vcnone3ys 3akoH Xab0ia, ompeaeanuTe MaKCHMaJIbHOE PAaCcCTOSHUE, 0
KOTOPOT0 MOKHO Ha0JIt0aTh HEOECHbIE Tea.

6.27. Ecnu nguamerp rajakTUKu AHJIpOMENa, paBHBIA TPUMEPHO 34 KIIK,
M300pa3uTh OTPE3KOM JUIMHOW 1 CM, TO OTPE30K KaKoW JUIMHBI H300pas3uT
paccTosiHUE 10 HamOoJiee MaléKuX U3 HaOMoJaeMbIX ralakTuK (okoiao 10 mip.
CBETOBBIX JIET)?

6.28. Ompenenute, Ha KaKOM pAacCTOSHUM OT HAC HAXOAWTCS TajaKTHKa,
ynansroasicsi co ckopoctbio 20 000 xkm/c.

33)121‘-[1/1 MOBBLIIIECHHOI'O YPOBHA CJIOKHOCTHU

6.29. Cxonpko JIeT UAET K HAM CBET OT TaJaKTHKH, YIAJSIOIICHCS OT HAc Co
ckopoctsio 7,1 - 10% km/c?

6.30. IIpencraBum ComHIle MIUYOM JIJISI HACTOJIBLHOT'O TEHHHUCA TUAMETPOM 4 CcM.
B srom macmitabe BeiuucauTe: a) paccrositnue ot 3emiu 10 ComnHua, 0) pa3Mepsl
ConHeyHON CHCTEMBI, B) pacCTOsIHUE 10 ONvKalilel 3Be3Jbl, T') pasmepsl [ a-
JIAKTUKH, B) PACCTOSIHUE /10 KBazapa, OTCTOSIIET0 OT 3eMJIK Ha 2 MIIP]I JIET.

6.31. B ramakTuke, KoTopas yaansieTcs oT 3eMJIH CO CKOPOCTHIO 10* xm/c, mpo-
M30IIJIa BCIIBILIKA CBEPXHOBOM, BUAMMAs 3BE3QHAS BEIMYMHA KOTOpoi +16™.
6.32. KakoBo paccrosiHue 10 3ToM TanmakTtuku? Ompenenute aOCOTOTHYIO
3BE3IHYIO BEJIMYMHY U CBETUMOCTH CBEPXHOBOW. MeX3BE3MHBIM MOTIIOMICHUEM
cBeTa MpeHeOpeyb.
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3agauM BHICOKOIO YPOBHS CJIOKHOCTH

6.33. CornmacHO THIIOTE3€, NCTOYHMKOM DHEPTHUHM KBazapa SBISICTCS MajcHHE
BEICCTBA HA YEPHYIO ABIPY, COIPOBOXKAIOMICECs BbCIeHneM sHepruu 0,2mc.
OICHHTE PACXOJ MACCHI, €CITH MOIIHOCTB KBasapa 10* Br.

6.34. Ilpu paguoHaOMI0ICHUAX BHETaJaKTUIECKOTO BOJAOPOIHOrO objaka ObLIo
O0OHaApYXKEHO, YTO OHO M3JIy4aeT Ha JJIMHE BOJHBEI 28 CM, MPUYEM ITUPHUHA JIH-
HUM u3nydeHus coctapisieT 0.1 M. M3BecTHO Takke, UTO YrioOBBIE pa3Mepbl
oOnaka Ha HeOe cocTaBisAOT 4”. OLeHnTe Maccy 3TOro o0Jaxa.

6.35. YianeHHas rajnakThka MMeeT BUIMMYIO 3BE3qHyI0 Benuuuny +152". B
CIIEKTpE TaJlaKTUKH KPacHOE CMEIICHHE JIMHUHU Bojopoaa (Al = 656,3 HM) co-
craBisgeT AL = 21,9 am. Omnpenenute CKOPOCTh YIAJICHUS TallaKTUKH, PACCTOS-
HUE 710 He€, a0COIIOTHYIO 3BE3IHYIO BETUYMHY U CBETUMOCTh TJIAKTUKH.

IIpakTHyeckas padora Ne 5
OnpenesieHne CKOPOCTH yAAJeHHUA I'AIAKTHK 110 CIIeKTPaM

Llenv pabomvl: BBIYUCIUTH CKOPOCTH YJAJCHUS TaaKTUK [0 KPacHOMY
cMmenieHnto JuHuM H, B UX CHOeKTpax, MOCTPOUTh Trpaduk 3aBUCHUMOCTU
CKOPOCTH yJIaJICHUsI OT PACCTOSIHUS 10 TAJTaKTUKU U TPOaHATIU3UPOBAThH €rO.
Ilpuboper u mamepuanel. nabopatopHble CHEeKTpbl JUHUM H, cnexkTpel 5
raJlakTHK, KapaHJall, JUHEHKa, KaJIbKYJIATOP.

Xoa padoTnI

B 3TOli paboTe MCHOJIb3YIOTCS CIEKTPbl TalaKTUK, MOJYYEHHbIE C MOMOUIBIO
BUpPTYyalibHOTO criekTpockorna https://www.cfa.harvard.edu/seuforum/galSpeed/.
Hwuxe npuBenensl nabopaTopHbiii criektp Bogopoaa (H) u crekTpsl rajakTuk.
JI1st KakI0r0 00bEKTa CIEKTPhI MIPEACTABICHBI B BUJE rpapuKka U3MEHEHUS UH-
TEHCUBHOCTU M3JIy4€HHUs! OT JJIMHBI BOJHBL. JIMHuA Bomopona H, cMemieHa ot-
HOCHUTEJIBHO J1a00PaTOPHOTO 3HAYEHUS Ay, = 656 HM.

CnexTp sofopona - TanakTixa N1
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3apanme 1. Haiigure nuHuio Bogopona H, B ClieKTpe Ka)Kaoi TalakKTUKU U OIl-
penenuTe COOTBETCTBYIONIYIO JUIMHY BOJHBI A. Pe3ynbrart 3aHecuTe B TaOIHILY.
3apanue 2. [TocunraiiTe cMellleHUE CIEKTpaIbHON JMHUU AL = A — Ay U 3anu-
IIUTE PE3yIbTaT B COOTBETCTBYIOIIHNMA CTONOEL TaOIHIIBI.

3aganue 3. Brlumcimre KpacHOE CMEIECHUE Z:M, pe3yJbTaT 3aHECHTE B
H

Ta0IHILy.

3aganue 4. BerauicnmuTe CKOpOCTh yOANCHUS TAJaKTUKUA V = C * Z U 3aIUIIATE

Pe3yabTAT B TOCICIHUI CTOJIOCI] TAOHIIBL.

JlnmrHa BOJIHBI CkopocTthb Paccrositaue
CMelienue Kpacnoe
A Bogopoja B . yIaaeHus 10
T'anaxTtuka CHEKTPAILHOM | CMEIlEHUE
CIIEKTpe TFaJIaKTHKHA V, rajJJaKTHKH,
uHIA AL z
rajakTUKH, HM KM/C MJIH. CB. JIET
1
2
3
4
5

3ananme 5. [TocTpoiiTe rpaduk 3aBUCUMOCTH CKOPOCTH YIAJICHUS TalaKTUK OT
paccTosAHUS A0 3EMJIN.

3ananme 6. [Ipoananu3upyiite noydeHHbINA IpaduK U caenaiTe BEIBOA O COOT-
HOLLECHUU PACCTOSHUS 10 TaJTaKTUKU U CKOPOCTH €€ yAaleHUsI.

7. CTPOEHUE UM BOJIIOLIUA BCEJIEHHOM
OcHOBHbIC IOHATHSA, 3AKOHBI U GOopMYyJIbI

Bce namm 3nanust o Beenennoit 6a3upyrorcs Ha HaOmoaeHusx. [1o mepe
yrayOneHus 3HaHUK 00 OKPYXKalollleM MHUpPE W pa3BUTUSA HAyK, B MEPBYIO OYe-
peas — GU3NKHU, MEHSJTUCH B3TJISIIBI JIFOAEH Ha TO, KaK YCTPOEH 3TOT MUp. B aH-
TUYHOCTU U B CPEIHHE BEKA JIOJU OTOXIECTBISUIM MUp ¢ COIHEYHOU cucTe-
Mou. K nauany XX Beka pazmepsl Mupa paClIMpPUIUCh — CUMTAIOCh, YTO HAlla
ranaktuka Mneunsii [yt u ecth Bcs BeeneHnHas. PeBOIFOIMOHHBIE OTKPBITHSA
XX - nauana XX| BEeKOB CyIIECTBEHHO PACIIUPIINA KaK pa3Mepbl HAOII0aeMOi
BceneHHoM, Tak ¥ HalllM NPEACTABICHUS O €€ YyCTPOUCTBE U 3Boonuu. Kpome
TOTO, HAaOJIFOICHUS IOKA3BIBAIOT, YTO BCeneHHass MEHsSIETCSl CO BPEMEHEM.

Pacmiupenue BceesieHHOM sIBisieTCsl IPOSIBIICHUEM 3THX M3MeHeHH. Ha-
4ajo paclIMPEHUsl YCJIOBHO NPUHHUMAIOT 32 MOMEHT «pOXKAEHUs» BceneHHou,
KOTOpO€ Mpou3onuio npumepHo 14 mapa ner Hazan. OTKpbITHE PeTMKTOBOIO
U3JIyUYeHusl, TIPEACTaBISIONIero co0oll ¢GoHOBOE 31eKTPOMATHUTHOE M3JIyde-
HMe BCero Heba, TakKe MOJATBEPKAACT TEOPHIO pacluupsitoleiics Beenennon u
CBUJETEIBCTBYET O TOM, YTO BHavasie Bcenennas Oblia 3amojgHeHa MOYTH OJIHO-
POIIHOM M OYEHBb ropsAver cpenoi. B mpouecce pacmupenus 3ta cpena OCThIBa-
Ja, B HEW BO3HUKIIM YIUIOTHEHUS, U3 KOTOPHIX CPOPMUPOBAITHUCH TATAKTUKH.
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HaGnronenust mokasanm, 4TO TaJIAKTHKHA OOBEIMHSAIOTCS B IPYNIbI, CKO-
IUIeHNUs U cBepXCcKoIuIeHusi. CKOIJIEHUS TATaKTUK HACYUTHIBAIOT COTHU U ThI-
csiuM wieHoB. CpellHee pacCTOSHUE MEXAY CKOIUJIEHUSIMU T'JIAKTHK COCTABIISIET
30 Mrk. EciIi MBI MBICICHHO TIOCTPOHM Ky6 co cTopoHoit 300 Mk’ (uto coot-
BeTcTBYyeT 10 MUITMapaaM CBETOBBIX JIET), B HEM OYIET CoAepKaTbCs MpUMep-
HO 1000 cxomenuii. B aTux Macmrabax BemecTBO pacipeieieHO 0JTHOPOIHO.

Hama lamakTtuka, ramaktuka Angpomenst (M31) u eme 6osee copoka
MEJIKUX TajJakTUK BXOJAT B MeCTHYI0 rpymimy, pasMep KOTOpOi OKOJIO0 6 MHUJI-
JIMOHOB CBETOBBIX JIET B IIONIEPEYHUKE.

B cBow ouepenp, MecTHas rpymnma — 3TO Majias 4acTh THMTAHTCKOTO
CBEPXCKOIUIEHHU, HACYUTHIBAIOIIETO MOPSIKA CTa THICAY PAa3IMYHBIX IO Gopme
U pa3MepaM TrajakTUK. JTO CBEPXCKOIUIEHUE MOJMy4rsio uMsa Jlanuakea, 4yto me-
PEBOIMUTCS C raBaiicKoro si3bika kak «HeoObsaTHBIE HEOecay.

[To pesynbrataMm mocieaHuX HaOMOACHUN BceneHHas MMeeT SYEHCTYIO
CTPYKTYpPY: OHA IPEJICTABISIETCS COCTOSIIEH U3 OTPOMHBIX Y€eK — BOMIOB (OT
AHTJIMHACKOTO VOId — MycTOTa) ¢ TOHKUMH CTEHKAaMH, KOTOpPbIe 00pa30BaHbI ra-
JAKTUKaMH, BHYTPH K€ S4YE€EK BEIIECTBO MNPAKTUYECKU OTCYTCTBYeET. Takas
sauencTas CTpykTypa Bcenennoit (e€ yacto CpaBHUBAIOT C MYETUHBIMU COTAMHU)
OblJIa TEOPETUUYECKHU TMpeJcKazaHa BBIJAIOMIMMCA COBETCKUM (usukoMm S.b.
3enbA0BUYEM M HOCUT HA3BAHME KPYNMHOMACIUTAOHOM CTPYKTYpbl BceeseH-
HOH.

B ramakTukax v CKOILICHUSX TaJakTUK Mpeo0sagaeT TEMHOE BEIIEeCTBO,
II0 Macce B HECKOJIBKO Pa3 MPEBBIIIAIOIIEE CYMMapHy MacCy BUAMMOIO Bellle-
cTBa. be3 100aBOYHOM rpaBUTAIMK TEMHON MacChl HEBO3MOKHO OOBSICHUTH HU
BO3HMKHOBEHHUE TaJaKTHK YK€ depe3 | Mupa JeT mocie Hadalla pacIlupeHus
Bcenennol, H1 HaOMI0JaeMYI0 KPYITHOMACIITA0OHYIO CTPYKTYPY .

HaGnroneHnue Bemblek Jan€KMX CBEPXHOBBIX M aHAIM3 JAHHBIX HAOJIO-
JIEHUH TO3BOJIMIIA CAENaTh BBIBOJ 00 YCKOpPeHHOM pacmupeHuu BceseHHoii.
CrnenoBaTenbHO, HApsAAy C CUJIOW BCEMUPHOTO TATOTEHHUS BO BceneHHoM AeicT-
BYET CHJIa BCEMUPHOr0 oTTajnkuBaHus. CyliecTByeT rMnoTe3a, 4To 3Ta Cuia OT-
TaJKUBAHUS SBISIETCS MPOSBICHUEM 0C000M (HOpMBI MaTepuu — TEMHOM IHep-
TUMH.

IToHnmanue MexaHu3Ma «pOXKIAEHUs» BCceneHHON U €€ 3BOJIIOIUU — aKTy-
anbHas 3a7a4a COBDEMEHHOM HAyKH.

Bonpocel, 3agaHus ¥ ynpaKHeHust
ba3oBblil YPOBEHb CJI05KHOCTH

7.1. Kakue nHabmonatenbHble (aKThl YKa3bIBAIOT Ha TO, YTO OKpPY)KAroIlasi Hac
Bcenennas menieHHo mensietcs co BpemeneM? [IpuBenure npumMepsl.

7.2. MosxeM 1 MBI YBUJIETh Mpoliioe Hamed BeenenHon?

7.3. Kakue xuMuueckue 3JeMeHThI HanboJiee pacrnpocTpaneHsl Bo Beenennoin?
7.4. Yto Takoe KpUTUYECKAsI TNIOTHOCThH?

‘B HEKOTOPBIX UcTOYHHKaX — 200 Mnk.
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7.5. YuactByer su CosHe4yHas cucTeMa B KOCMOJOIMYECKOM PacUIMPEHUH
Bcenennoi?
7.6. KakoBa posb TEMHOI SHepruu B paHHen BeeneHHo?

IHoBbIICHHBIN YPOBEHb CJIOKHOCTH

7.7. B To Bpems, korna npou3omén bosbiioil BphIB, rajlakTUK emié He ObLIO.
[ToueMy MBI HaOJIIOJa€M B HACTOSIIIIEE BpeMs pa30eTraHue TalaKTUK?

7.8. Ha kakoM pacCTOSITHUM HaXOMASTCS camble YIaJIEHHBIE OOBEKTHI, JOCTYITHbIC
HAOJIOJICHUSIM C UCTIOJIb30BAHUEM COBPEMEHHBIX TEJIECKOIOB?

7.9. SIBnseTcs mu 3BOIIONMS BEllecTBA BO BeenenHoit oOpatumoii?

7.10. Kakue Tpu (pakTopa OrpaHU4MBAIOT SIPKOCTH HOYHOTO Heba?

7.11. K xakuMm BBIBOJaM O XapakTepe paciupeHuss BceneHHoil mnpuBeno
HaOJI0/IEHUE JAJIEKUX CBEPXHOBBIX?

Bpicokuil ypoBeHb CI105KHOCTH

7.12. Ecnm Obl Bcenennass He pacmmpsiigach, a TalaKTHKH, KOTOPBIE MBI
Ha0JIr01aeM cefvac, CyliecTBOBaIM BEYHO, TO HEOO Obl HOUBIO SIPKO CBETUIIOCH.
OOBbscHUTE, TOYEMY.

7.13. Tlouemy TsDKENBIE SJEMEHTHI HE 00pa3oBaliCh B paHHEW BcemeHHoit
noA00OHO TOMY, KaKk OHM 00pa3yroTcs B 3BE31aX?

7.14. Tlouemy Hamm 3HaHUS O BcelleHHON paHbllle UIAHKOBCKOTO BpPEMEHU
CUJIbHO OTPAaHUYECHBI?

7.15. CornacHo MojnensiM pacmmpstolleiicss BcenenHoil moctosHHas Xa00ma
MeHsieTcs co BpeMeHeM. [ToueMy e€ mpoAomKatoT Ha3bIBaTh «IIOCTOSTHHAS ?

7.16. Jlanékue ramakTuku (KpacHoe cMelieHue Z > 3) B CpeIHEM BBITVIIAT sIpUe
rajJakTUK TakKWX >K€ THUIIOB B OKPECTHOCTSX Hamied ramakTuku. OObscHHTE,
1o4YeMy.

7.17. Ecim O6b1 BcenenHasi ocThIBaJila 3HAYUTENLHO MEJJICHHEE, TIEPBBIE aTOMBI
00pa3oBaNCh ObI OBICTPEE WIH MEJICHHEE?

IIpumeps! penienus 3a1a4

Ipumep 7.1. OnpeneneHre TOYHOTO 3HAYCHHS TTOCTOSHHON Xa0071a — ClIoKHas 1
0 CHX IOp aKTyallbHas 3a/Jaya COBPEMEHHOM acTpoHOMHHU. OLEHUTe, KakoB
MAaKCUMaJIbHO BO3MOXHBIM BO3pacT BcCemeHHOM M pa3ivyYHbIX 3HAYCHHM
noctossHHON Xa06ma H: a) 50 km/(c-Mmk); 6) 100 km/(c:-Mrk); B) 75 km/(c-Mmik)?

/lano: Pewenue: CornacHo teopun boapmioro B3pbIBa Bpems,
H; = 50 xm/(c-Mrk) IIpOILLIEIIee ¢ HaYaJla ATOT0 B3pbIBA U €CTh BO3pacT Bce-
H, = 100 km/(c-Mnk)

N 1
Hs = 75 1om/(c-Miik) JIeHHOM t: t = 0 H ny»xHO BbIpa3uts B ¢ . Torna

th—7? KM H 1xem 1 H, _1

H :H _— = _ = C
:2—?) ¢ Mk °3.09-10%mc  3.09-10°
3— !
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1 3,09-10°
t=—=——""—c¢

H H,
YunrsiBast, uto 1 rox 3,210 c, nosrydaeM (hopmyiy Jutsi OlleHKH Bo3pacTta Bce-

JIEHHOM B rojiax:

3,09-10° 1 9,7-10" 970
t= - Jlem x ————— Jiem = —— MApPO.Jiem
3,2-10" H, H, H,
a)t = % ~19,4mnpo.nem
o)t = % =9, 7 mnapo.nem
B) I, = % ~12,9mapo.1em

Otser: 19, 4 mnpn net; 9,7 mapa net; 12,9 mupa ner.
3amaum 0a30BOro ypoBHS CJI0KHOCTH

7.18. IlpencraBeTe, uTO TOCTOsIHHAs XaOOna wWMeeT 3HadYeHWe, B S5 pa3s
MIPEBBIIIAIOIIEE COBPEMEHHOE 3HaueHHe. Kak 3TO MOBIMSET HAa HaANly OLEHKY
BO3pacta BeeneHnoit?

7.19. TlepBbIM 3HaYECHHE TOCTOSIHHOM XaOOya ompenenun cam DaBHH XaO0u1,
coriacHo ero oreHke H = 500 xkM/(c-Mnk). Paccuuraiite Bo3pact BceneHHoI,
COOTBETCTBYIOIINNA 3TOMY 3HaueHUI0 H. beimu mu B 310 Bpems (20-30-¢ rossl
XX Beka) HaOmogaTeNnbHble (aKThl, MPOTUBOPEYAIINE ONPEICIEHHOMY TaKUM
oOpazom Bo3pacty BceeneHHoit?

33)121‘-[1/1 MOBBLIIECHHOI'O YPOBHA CJIOKHOCTHU

7.20. PaccuuraiiTe, Kakoil Oblla KpUTHUYECKas IJIOTHOCTh, Korna BceneHHas
ObL1a BTpOE MEHbIIIE?

7.21. Yepe3 kakoe BpeMsi Mmacca BOJOpOJia B Halled rajakTHKe B 2 paza
MPEBBICUT MACCY T'eausi?

7.22. Onumure HUCTOPUIO KOcMoJiorudeckor moctossHHOM A. Ecth 1 B
HacTosllee BpeMs Kakue-1M0o HaOoaTesIbHbIE JaHHbIE, JAIOIIUE OCHOBAHUS
nojaratb, uro A > 0?7 KakoBbl TeopeTHUecKue TMpPEearoChUIKA BKIHOUYECHUS
KOCMOJIOTMYECKOW KOHCTAaHThI B TEOPUH 3BONTIOIMU BeeneHHoii?

3anaqn BBICOKOI'O YPOBHHA CJI0OKHOCTH

7.23. OueHure TeMIEpaTypy, HEOOXOAMMYIO ISl TIOJYYEHHUS AJIEKTPOHHO-
TIO3UTPOHHOI Maphsl. Macca anektpona 9.1:103 kr.

7.24. B mHacrosiniee BpeMsi MakCUMyM B CIEKTPE PEIMKTOBOIO H3ITyYECHHS
MPUXOAUTCS HA MUJUIMMETPOBBIN JTMAIa3oH BOJH (MpuMepHo 2 MM). Oripeenure,
Kakoi pa3Mep nmena BeeneHHasi OTHOCUTENBHO €€ pa3Mepa B HACTOSIIEM, Korja
MaKCUMyM PEJIMKTOBOTO M3ITydeHus mpuxoawics Ha a) 10 Mkm (MHGpaKpacHbIit
muanas3oH); 0) 100 am (yneTpaduoneToBsiii); B) 1 HM (ramma-auamnason).
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CITPABOYHASA UHO®OPMALIUA

OcHoBHBbIE (pu3NYeCKHEe U ACTPOHOMUYECKHUE MOCTOSIHHbIE

I'paBuTarponHas mocrosiaas G = 6.67-10™ m°kr ¢ 2
CKOpOCTH cBeTa B BakyyMe ¢ = 2.998-10° m/c

[Toctosinnas Credana-bonbimana 6 = 5.67-10% kr-c3-K™*
AcTpoHOMHYECKas equHuIa 1 a.e. = 1.496-10" M

TMapcek | ik = 206265 a.e. = 3.086-10" m

Jannbie o CoJiHIle

Panuyc 695 000 xm

Macca 1.989-10% xr

Cerumocts 3.88-10%° Br

[ToTOK CONIHEUHOM SHEPTUH HA paccTossHuK 3emiun 1360 Br/M?
Buiumast 3Be3aHas BesmuuHa -26.8™

AGCoMoTHAs BU3yalbHas 3Be3Has BenundauHa +4.8"
AGcomoTHas 6oIOMeTpUYecKas 38e3Has BenuauHa +4.7"
ITokasarens npeta (B-V) +0.67™

Temmneparypa noBepxHocTH 0k0s10 6000K

CpenHuii ropu30HTANIbHBIN Mapasuiakc 8.794"

annbie 0 3emJie

Okcnentpucuret opouTsl 0.017

Tponuueckuii rog 365.24219 cyrok

[Tepuon Bpamenus 23 yaca 56 munyT 04 cekyHIbI
Haknon skBatopa k sxnuntuke Ha anoxy 2000 roga: 23° 26' 21.45"
OkBaTopualibHbIN paguyc 6378.14 km

[Tonsapusiil paanyc 6356.77 km

Macca 5.974-10* kr

CpenHsst IoTHOCTH 5.52 rem”

Jdannbie o Jlyne

Cpennee paccrostaue ot 3emiia 384 400 km
['opr30HTANIBHBIN KBATOPUAJIBHBIN NTapauiake 57,3
OxcuentpucuteT opoutsl 0.055

Hakiion miockoctu opOuTHI K 3xaunTuke 5°09'
Cunepuueckuii (3Be3HBIN) iepro oopamenus 27.321662 cyTok.
Cunogmueckuit nepuos odpamenus 29.530589 cyroxk
Pannyc 1738 km

Macca 7.348-10% kr i 1/81.3 maccs 3emin
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Cpensist moTHOCTH 3.34 1°CM

3

BusyansHoe reomerpudeckoe anpoeao 0.12

m
Bunnmas 3Be3/iHas BeIMUMHA B TIOJHOTYHHE -12.7

PU3NUECKUE XapaKTEPUCTUKU COJTHIIA U IUIAHET

Haxnon
ot Ilepuon JKBATOpa
[Inanera Macca Pagnyc Hocrs | BPALLCHHA K
BOKpYT OCH IUIOCKOCTH
opOUTHI
MacCChbl paouycel 3
KI KM I''CM - rpaaycobl
3emin Semnu
COJ’IHI.IG 1.989 .1030 332946 695000 108.97 1.41 253 SOCyT 7.25
Mepkypuii 3.302-10% 0.05271 2439.7 | 0.3825 5.42 58.646 cyt 0.00
Benepa 4.869-10% | 0.81476 | 6051.8 | 0.9488 5.20 243.019 cyt* 177.36
3emis 59741024 1.00000 6378.1 1.0000 5.52 23.934 yac 23.45
Mapc 6.419-10% 0.10745 3397.2 | 0.5326 3.93 24.623 yac 25.19
IOnwTep 1899-107 | 317.94 | 71492 | 11209 | 133 9.924 uac 313
CaTypH 56851026 95.181 60268 9.4494 0.69 10.656 yac 25.33
Vpan 8.683-10% | 14535 | 25559 | 4.0073 | 1.32 17.24 wac* 97.86
Henrryn 1.024-10% | 17135 | 24746 | 3.8799 | 1.64 16.11 uac 28.31
* - oOpaTHOE BpallleHHeE.
XapakTepuCTUKU OPOUT TUTAHET
Haknon k I C .
IInanera Bonbias nomyock DKCUEHTPUCHUTET | [1710CKOCTH CpHoa HHOMHICCKHH
obpamnienus 1507 (V)i
SKINITUKA
MIIH. KM a.e. epaodycel cym
Mepkypuit 57.9 0.3871 0.2056 7.004 87.97 cyr 115.9
Benepa 108.2 0.7233 0.0068 3.394 224.70 cyt 583.9
3emuist 149.6 1.0000 0.0167 0.000 365.26 cyt —
Mapc 227.9 1.5237 0.0934 1.850 686.98 cyt 780.0
IOmurep 778.3 5.2028 0.0483 1.308 11.862 ner 398.9
CatypH 1429.4 9.5388 0.0560 2.488 29.458 ner 378.1
VYpaun 2871.0 19.1914 0.0461 0.774 84.01 ner 369.7
Henryn 4504.3 30.0611 0.0097 1.774 164.79 ner 367.5
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XapaKTepI/ICTI/IKI/I HCKOTOPBIX CITYTHHUKOB IIJIAHCT

CrryTHUK Macca | Pamgmyc | IlnotHocts |Pamgmyc op-| Ilepuox 06- | ['eomer- Bunumas
OUTEI pameHus | pud. ajlb-|3BE3QHAs BEIU-
6em0 gpHa*
KT KM r/em’ KM CyT m
3emusn
Jyna | 7.348-10% | 1738 | 334 | 384400 | 27.32166 | 012 | 127
Mapc
doboc 1.08-10" | ~10 2.0 9380 0.31910 0.06 11.3
Jeiimoc 1.8-10" ~6 1.7 23460 1.26244 0.07 12.4
IOnutep
Yo 8.94-10% | 1815 3.55 421800 | 1.769138 0.61 5.0
EBpora 4.8-10% | 1569 3.01 671100 | 3.551181 0.64 5.3
Tannmmven | 1.48:10% | 2631 1.94 1070400 | 7.154553 0.42 46
Kammcro | 1.08:10% | 2400 1.86 1882800 | 16.68902 0.20 5.7
Carypn
Tedus 7.55:10° | 530 1.21 294660 | 1.887802 0.9 10.2
Jluoua 1.05-10*" | 560 1.43 377400 | 2.736915 0.7 10.4
Pest 2.49-10% | 765 1.33 527040 | 4.517500 0.7 9.7
Turan 1.35-10% | 2575 1.88 1221850 | 15.94542 0.21 8.2
Sner 1.88-10* | 730 1.21 3560800 | 79.33018 0.2 ~11.0
Ypau
Mupasma | 6.33-10"° | 235.8 1.15 129900 | 1.413479 0.27 16.3
ApHdIb 1.7-10* | 578.9 1.56 190900 | 2.520379 0.34 14.2
Ymbpumos | 1.27-10% | 584.7 1.52 266000 | 4.144177 0.18 14.8
Turanms | 3.49-10” | 788.9 1.70 436300 | 8.705872 0.27 13.7
OGepon 3.03-10* | 761.4 1.64 583500 | 13.46324 0.24 13.9
Henrtyn
Tpuron | 2.14-10% | 1350 | 207 | 354800 | 5.87685** | 0.7 | 13.5

* — IS IOJTHOJTYHUS MJTH CPEJTHETO TIPOTUBOCTOSIHUS BHEIIHUX TUIAHET.
** _ oOpaTHOE HaIlpaBIIEHUE BPAIICHUS.

70




[ToaBuxHas kapta 38€3aH0r0 HeOa (ITK3H)

[}
-
=

qds

71



72

Haxnagnoit xpyr nns [TIK3H




10.

11.

12,

13.

14,

15.

CIIMCOK JIMTEPATYPbBI

Actponomus. Bek XXI. ITox pen. B.I'. Cypauna. — M.: Bek-2, 2015.
BoponnoB-BenpamunoB, b.A. Actponomus. ba3oBsiii ypoBens. 11 kiacc:
yueonuk. / Bb.A. Bopounos-Benssmunos, E.K. Crpayr. — 5-¢ wusn.,
nepecMoTp. — M.: JIpoda, 2018.

Boponuos-BenbsimunoB  B.A.  COOpHUK 3amad  ©  OPAKTUYECKUX
ynpakHeHui o actponomuu. Mza. 7/ B.A. Boponios-BenbsimMuHoB. — M.:
Hayka, 1977.

Boponios-BenbsimunoB b.A. COopHUK 3a/lay MO acTpOHOMHUH: MOCOOHE
s yaamuxes / b.A. Boponnos-BenssimuaoB. — M.: IIpocBemenue, 1980.
I'yce E.b. KauecTBeHHble 3ajaud 1O acCTPOHOMHUHU: Y4e€OHO-METO]I.
nocobue g yuutened (U3MKU U ACTPOHOMHUH, CTYIAEHTOB (DU3HKO-
MaTeMaTHYeCKUX (aKyIbTETOB MEJArOrMuecKux By30B M ydammxcs 9-11
k1. / E.b. I'yceB. — Pszanb: PITIY, 1996.

I'yces E.b. Pacmmpsia rpanuusl Bcenennoii. HMcrtopus actpoHOomMuu B
3anayax / E.b. I'yces, B.I'. Cypaun — M.: MIITHMO, 2003.

3acoB, A.B. Actponomus: 10-11 kmaccel / A.B. 3aco, B.I'. Cypaun. —
M.: BUHOM. JlabGopaTtopus 3Hanuii, 2019.

3urens @.10. CokpoBuiiia 3BE31HOr0 HeOA: MyTEBOJAUTEINb 11O CO3BE3AUSIM
u Jlyne / @ .1O. 3urens. — M.: Hayka, 1986.

Konnakosa E.B. Actponomus. Terpanb-npaktukym. 10-11 kmaccesl: yue6.
nocodue s oOmeoOpa3oBar. oOpraHu3anuii: 0a30BbIi  ypoBeHb //
E.B. Kongakosa, B.M. Hapyrun. — M.: [IpocBemienue, 2018.

Kynukosckuit I1.I. CnpaBounuk mrobutenss actpoHomuu / Ilog pen.
B.I' Cypauna — M.: Dnuropuan YPCC, 2009

Jlesutan, E.II. Actponomusa. 11 xkmacc: yueb. mnocobue s
oO1ieo0pa3oBar. opraHusaiuii: 0a3oBbii ypoBeHb. — M.: IIpocBeleHue,
2018.

Manaxosa I'.. Jlunaktudeckuii MaTepuai 1o aCTPOHOMHUU: TIOCOOHE IS
yuurens / .. Manaxosa, E. K. Crpayr. — M.: [Ipocsemienue, 1989.
OpioB B. ®. 300 BompocoB mo actponomun / B.®. Opmaos. —
M.: IIpocBemienue, 1967.

[Tepensman SI.W. 3anumatenvHas actpoHomus / S. W. Tlepenapman. —
J1.: BAII, 1994,

PomanoB A.M. 3aHuUMaTesbHBIC BOMPOCHI MO aCTPOHOMHU M HE TOJILKO /
A.M. Pomanos. — M.: MITHMO, 2005.

73



16.

17.

18.

19.

20.

21.

22,

23.

Cy606otun I'. I1. COopHHK 3a1a4 1O aCTPOHOMUU: 3aJaHUsl, YIPAKHEHUS,
tecthl / I'. I1. Cy660TuH. — M.: AkBapuym, 1997.

Cypaur B.I'. AcTpoHOMHYECKHE 3aJayd C pEIICHUSMH (3a1auyHuK) /
B.I'. Cypaun. — M.: YPCC, 2002.

Cypmua B.I'. AcTpoHOMHYECKHE OJMMIMAAbI. 3aJadyd C penieHusMua /
B.I'. Cypaun. — M.: YueOHO-Hay4IHBIH HEHTP JOBY30BCKOTO OOpa30BaHUSA
MI'VY, 1995.

Cypnun B.I'. Bcenennass B Bompocax M OTBeTaxX. 3ajaud M TECThI IO
actponomuu U kocMoHaBTuke / B.I'. Cypaun. — M.: AnblinHa HOH-(UKIIIH,
2017.

TatapuukoB A.M. Actponomusi. COOpHUK 3ama4y W ynpaxHeHuil. 10-11
KJIacchl: y4eb. mocoOue st oOiieoOpa3oBar. OpraHu3anuii: 0a3oBbIN
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acrporomuu / O.C. YronbaukoB. — M.: ATIKulIITPO, 2007.

Yapyrun, B.M. Actponomus. 10-11 kmaccsl: yued. mnocobue st
oO1ieo0pa3oBar. opraHu3aiuii: 0a3oBbii ypoBeHb. — M.: IIpocBeleHue,
2018.

74



Bsenenue .............

COJIEPKAHME

1. BBEJICHNE B ACTPOHOMUEO ....uvventseennneeeanneeennneeeanneeanneeennns

2. ActpomeTpus .....

3. HeOCCHAT MEXAHMKA ...t eeeeeeeeaiieeeeeeeeans

4, COTHEUHAST CHUCTEMA ... veeene e ee e eee e e e e e e ee e ee ettt eaans

5. Actpodu3uKa 1 3BE3MHASI ACTPOHOMUST ...eovveenneeneeenneannannnnn.

6. N'ajmakTuku ........

---------------------------------------------------------

7. CTpo€HHE U SBOTIOUUS BCEMEHHOM .. .vvvvviiiiiiiiieeiiann

CrpaBOYHAS HHOOPMAITHS .+ ..uvvveenreeeneeennaeeaneeeineeenneeanneanneenns

Cnmcok repaTypsl

75

11
27
35
44
58
64
68
73



VyeOHOE U3aHue

Eaena BragumuposHa Konjgakosa

ACTPOHOMMUA:
INPAKTUYECKHUE 3AJIAHUA,
3JAJAUYU U YITPAXKHEHUSA

IIpakTuKkym

Texnuueckuii pedakmop — O. A. Aovikuna
Texnuuecxoe ucnoanenue — B. M. I puwiun
Knuea neuamaemcs ¢ aemopckoii peoakyuu
®opmar 60 x 84 /16. I'apuutypa Times. Ileuats TpadaperHas.
Ileu.n. 4,8 Yu.-uza.n. 4,6
Tupax 300 k3. 3aka3 97

OTnedaraHo ¢ TOTOBOTO OpUTHHAI-MAaKeTa Ha Y4acTKe OMEepaTUBHON MOIUTpapuu
Eneukoro rocynapcrsenHoro ynusepcurera uM. M. A. bynuna

denepanbHOE rocy1apCcTBEHHOE OI0PKETHOE 00pa30BaTEIbHOE YUPEXKICHHE
BhICIIET0 00pa30BaHUs
«Enenkwnii rocyrapcTBeHHbIN yHUBEpcUTeT UM. . A. byHuHa»
399770, r. Enen, yin. KommyHnapos, 28,1



