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PABOTAENM C NPAKTMKYNIOM

Joporune crapmexjaaccHHEH!

OcHOBOII HAYKYM ACTPOHOMHMH ABIAOTCHA HabmiogeHunsa. Ho npH aToM aACTPOHOMBEI
He ABJAKNTCH NACCHBHBIMHA H&ﬁﬂfﬂ,ﬂ&TEHﬂMI{, HAOPOTHE, OHH CTABAT H pelIamOT (b}"H'
naMeHTAJLHBIE NpodJieMbl B MAcIITADAX HAIIEro NpocTPAHCTBA-BPEMEHM.

C moMomei0 TeTpagu-IpPpAKTHKYMA Bhl IMPOBEAETe HMCCJeNOBAHHA ACTPOHOMHUYE-
CEMX 0DBEKTOB M ABJeHHH, cMOMeTe NPOAaHAJIH3HNDPOBATE IOJYYEHHBIE PE3yJIbTATH
M clenaTs BeIBOAEI. IIpakTuueckue paboThl NpeficTABJEHBI B COOTBETCTBHM ¢ Iia-
BaMM yieOHWKA, MOITOMY KasKAVID H3 HUX MOMKHO JIETKO YV3HATH 10 BTy, TAKOMY
e, Kak 1 B yuebanke. Kamxgaa pabora cogepiT HeoDXOAHUMBINA AJiA BHINOJHEHHA
HCCIeJOBAHMA TeOopeTHUYeCKMH MaTepHaJ, KOTOPBIH yraybaseT M paclinp#deTr 3HA-
HHWA, NOAyYeHHBIE BAMHM Ha VpPOKAX AcCTpPOHOMHMM, a TaKe CChIJIKH HAa MaTepHal
yvueDHHKA. I8 CHO0KHBIX 3a/IaHUH JAI0TCH NOApPODHLIE TOACHEHUA.

Henaem Bam ycnexa!
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OLLEHUBAHME PACCTOAHUN
' N PASMEPOB OBbEKTOB
| BO BCEJIEHHOW

] |
__ MaeHTMdULMpoBaT KOCMUYECkne 0BBbeKTbI N0 MX CHUMKaM

1 WNKU UANIOCTPaLMAM; CUCTEeMaTU3MPOBaTh KOCMUYecKkue
| 00beKTbl Mo MX YyOanéHHOCTU OT MOBEPXHOCTH 3emnu;
no vMx pasmepam.

NPUBOPH! ®otorpapum Kocmuyeckux obbekTos, nnaHwer
W MATEPMANBI: UNU NepcoHanbHbIM KOMMNLIOTEP C AocTynoMm B WHTepHer.

NOMONHWUTENbHBIE
CBELEHUS:

Hapa,ny C TPAOHIMOHHBIMH ACTPOHOMHYECKHMH DE'LE'KTEIMH B IIOJIe JeATelIBHO-
CTH AaCTPOHOMOE CErojlHfA HAXOAATCA H MCKYCCTBEHHO CO3JaHHBIE 00BEKTHl — CHYT-
HHKH, KOCMHYECKHe CTaHI MM, KOCMHYeCcKHe annapaTbl., ACTPOHOMHYECKHEe 00BLeK-
ThI (HeDecHBIE Tesa) H KOCMMYECKHe anmnaparsl, HaxXoAdAllHecHA 3a npejejJaMu
3eMHOH armochepsl B KOCMHYECKOM TNPOCTPAHCTBE, HA3BIBAIOT KOCMUYECKUMU

. obwexmamu.

XOL PABOTI:

J BaumarensHo paccmorpure (hororpadui KOCMHUYECKHX 00BEKTOB.
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‘B ACTPOHOMMIO' . *

OnpenennTe, KakKHe KocMHYecKkrue o0BeKThHl M300pakeHbl HA CHEUMKAX (VKAKHUTe THI
of’beKTA M, €CJIM 5TO BO3MOKHO, €ro HasBaHHe).

Q CucremaTnaupyiite o0beKTh B NOPAJKE YVBeJHYEHUS HMX PA3MepPOB OT MEHBIINX K
DOJTBINHM (3aNHIIHTE HA3BaHHA ODBEKTOB MJIH MX HOMEpa).

)  Pacnonoixure 00beKTH 00 HX YAAIEHHOCTH OT HOBEPXHOCTH BeMJH: OT caMbix 6.m3-
| KHX 0 caMBIX JaJ8KHMX (3anmiunTe HazBaHWA 0o0BEKTOB MJIH MX HOMepa).

0 3anuImpTe NoCJe OBATeILHOCTE O0BEKTOR, COPTUPYSA HX 10 VAAJEHHOCTH OT MOBEpX-
Hoer ConHia., YKa)KUTe BO3MOYKHBIE BADHAHTHI B HM3MEHEHHH NOPANKA O0BEKTOB
NpH TAKOH COPTHPOBKE.

BOIMPOCKI ANA 3AKPEMNEHUA MATEPUATIA

B Ilepeuncanre 06BexThl (He MeHee T), KOTOpHIE H3YUaeT ACTPOHOMHA.

B Kaxue us nepeuncieHHLIX OOBEKTOB Bhl MO/ 6B HABIIOAATE HEBOODYIKEHHBLIM
raazom?

KOMMEHTAPUW YYUTENS:
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NOCTPOEHME MPA®PUYECKMX
MOAENEN HEBECHOMN CDEPDI

LEND: Mocrpouts rpacdunyeckne mogenu HebecHon chepsbi
; AnA 3agaHHoro NyHkra HabnopeHus.

PUEOP| LUnpKynb, uBeTHble KapaHgallun, NuHenka, TpaHcnopTup.
W MATEPWAJB!:

NOMONHUTENbHBIE
CBEQEHUS:

Y npepHUX HapOAOB 3BE3AHOE HeDO ACCOIMHPOBAJOCH C KYNOJOM, HIH co che-
poii. [eiicTBuTebHO, IPH BaraAAe Ha Hebo cosgaérca smedaraedHue, 4rTo CoanHie,
3BE3abl, JIyHa M Apyrue HebDecHEIe Te/la PACIIOJIOAKEHLI HA BHYTPEeHHell NOBepXHOCTH
rHraHTcKoil HebDecHo#l cdepsl, Bpalawmomeiica B HANDaBIeHHWH ¢ BOCTOKA Ha 3amnaj.
IToaTomy aas ONMHCAHHMA TOJOMKeHHIH HebDecHBIX Tea HAa Hebe M ObIJIO BBEJEHO IIO-
HATHE HebecHOl cgepbl.

Heb6ecnot cpepoi HazbiBaeTcs BoobDpaskaemas cepa NPOH3BONIBHOrO paguyca
C IEeHTPOM B TOYKe Habnogerus (rouka (), HA KOTOPYI [POEHUDPYIOTCH ACTPOHO-
Muueckue 06eeKTHl. I'paduueckaa moaens HebecHO cdeprl AnA HabMWAaATesd, HA-
xoadameroca B CeBepHoM nmoayimmapuaM 3eMJH, NpejcTaBleHa Ha pHcyHKe 1.

Mg1 onpegenuau HebecHyio chepy Kar chepy npouseonwviozo paduyca. I'na-
A5 Ha HeDO, MBI He MOMeM ONpelejHTh, KaKas M3 3Bé3J] HAXOAMTCA Aajblle, Ka-
kaga — Oamse. Ham kaskercsa, uTo BCe OHM OAHHAKOBO VIAJeHBI W PACIIOIOMKEHBI
Ha HeDecHOM KymoJje, oKpy:kawmgem HaOmwopatensa. [ToaromMy MEI B He MoOzkeM TOY-
HO YHKAasarthk paauyc HebecHoil ctepsl B ompefendeM €ro Kak NPOM3BOJBHEIM, 9TO
JONYCTHMO, TAK KaK HeDecHasa cyepa — 3To goolparxcaemasn, UWIH YCA06HO 8blOpan-
HaA, chepa, B HEHTPEe KOTOpOH HaXOoAMTCHA ToukKa HabmwomeHua. K Ttomy ke masa
pelleHUs MHOIMMX 3afad NPAKTUYecKOH ACTPOHOMMH Ba’KHO 3HATE He pealbHLIe
pacCTOAHUA J0 HeOecHLIX ODBEKTOB, A MX B3aMMHOe DacloJjiodeHHe Ha Hebe, aias
onpefeseHNA KOTOPOTO H3MepAT VIJbl Meday HanpabBJIeHHMAMH OT TOYKH HadJio-
AeHHA HA 9TH 00BeKThI. DTH Ha3MepeHHMHA YA00HO NPOM3BOAMTL MMEHHO Ha BooOpa-
sKaemoil HeDecHOIl cdepe, MCHONBL3YA CHElHAJNbLHBIE CHCTeMbl KOOPAHHAT.

HeGecuas cdepa Bpamaercs BOKPYr BooOpakaemoil nuHuu PP’, HaswBaeMoil
oceio mupa. Oce Mupa napaaneinsHa ocu BpameHnsa 3emuan. CoorBercrBeHHo, P —
ceBepHBIi mosoc Mupa, P° — iomHEBIH nogmoc mupa (eM. puc. 1).

Jlna onpejeneHHs OCHOBHBIX 3jieMeHTOB HeOecHOii cepsl B ACTPOHOMHHM HC-
MONBE3YIOT MoHATHEe Gonbinoro M Majaoro kpyros. Boaswum kKpyzom HAILIBAIOT
OKPY¥KHOCTh, KOTODAaA MOJy4YaeTcA NpH nepecedeHUH HebecHOH cdephl NI0CKOCTBIO,
NMpoXoJAIIel yepes eé nNeHTp. Ecin nJIoCKOCTE HE NMPOXOANUT 4Yepes LHeHTp, TO Ioay-
YaeTcsa MAaabIi KpPyT.

Bonrmoit kpyr HebecHoH cdepsl, JIOCKOCTh KOTOPOro NepHeHAHKYJISPHA OCH
MHpa, HaselBaeTcd Hebecubim sxeamopom (cm. puc. 1). Hebecnvim mepudua-
HOoM HazhiBaeTca D0abLIIOE Kpyr HebecHoM cdepbli, NpoXoAAlHH depes 3eHuT Z,
Haaup Z°' u noniocel Mmupa P u P’ (cMm. pue. 1).
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Pue. 1

CeBepHbIN
nonioc mupa  3eHUTZ CyTouyHas

BOCTOKA

Haowp 7' HwHbiR |
ok nonec Mupa Puc. 2 Z'
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Ilpamas nuHHA, KOTOpasd COBIAAAET B JAaHHOI TOUYKe ¢ HANpasJeHHEM JelcTBHS
CHJIBl THAMECTH, HA3BIBAETCHA oméecHoU nunuel. HanpasieHue OTBeCHOII JHHHMH
MOMHO ONpPeleNiTh ¢ NOMOINEID MpOCTEHIIero oTeeca — TPY3MKA Ha TOHKOW HHUTH,
OTBecHas JHHHA Nepecexaer HebOecHYIO cdepy B ABYX TOUYKAX: BepxHAA (HAN roJIOBOI
Habuogarensa) Z HA3LIBAETCA 3eHUMOM, HUxHAA Z' — nadupom (cm. puc. 1).

Boasmoit kpyr HebecHoit cdeprbl, NIOCKOCTH KOTOPOro MepHeHIHKYJIApPHA OT-
BECHOH JIHHHUM, HASLIBACTCH Mamemamuieckum zopusonmom. MaremaTndecKui
FOpM30HT Nepecexaercs ¢ HebecHBIM MepHAMAHOM B Toukax cepepa N (HaxomurTes
fnHKe K ceBEpHOMY MOJIOCY MHpa) 1 1ora S, a ¢ HebecHBEIM 3KBATOPOM — B TOYKaX
eocToka E m samaga W (cm. puc. 1).

Bribepem nHa HebecHoil ciepe acTpoHOMHYecKHH 00beKT (Takue o6beKTh HA He-
DecHoll cdepe NPHHATO HA3EIBATE ce8emiao). B rTeueHHe cyTOK CBETHIIO ONHCKIBAET
Ha HeDecHO#l cdepe Majablil KPyr, KOTOPEIH Ha3LIBAETCA CYMOYHOU NAPARLENBIO
(cm. puc. 1).

s M3aydeHHNA BHAMMOIO paclojIOeHUA M JIBHKEeHHA HefecHBIX 00'BEKTOB HC-
NOJIB3VIOT PAsiiMuHbie cucmembl Hebecnblx Koopdunam (20PpU3OHMALBHYIO U
IKBAMOPUANBHYIO).

3Has mMpoTry MecTa HAOIOAeHHA @ W CKJIOHeHHe O HeDecHoro oOBeKTA, MOMKHO
OIpedesiThL ero BBICOTY HAaJ ropM3oHTOM B MOMEHT KyiasMHHauuii. ixa mabmioaa-
ressi B Ceseprom noaymapun 3emian (¢ > 0) obbekT, ¥y KOTOPOTo CKJAOHEHHE O < (),
KYJBMHHHPYET K 0Ty oT 3eHuTa. Ero BEICOTA B BepXHel KyJbMHHAILIHHA

h, = 90° — ¢ + 6.
Ecnu 8 > @, 00BeKT KYAbMHHHPYET K CEBepy OT 3eHUTA, ero BhICOTA
h, = 90° + @ — &.

B muxHell KVIBMHHAIIHK hy, = =90° + ¢ + &.

Ilna pemeHHMA 3a1a4 NPAKTHYECKOH ACTPOHOMMH YA00HO OBIBAET UCHONB30BATH
npoeknuH HebecHol chepbl HA IIOCKOCTE HeDecHoro mepmauana (pue. 2). Teopema
0 BRICOTE MOJIOCA MHPA HAJ FOPH3OHTOM VTBEDIKIAET, 4YTO &biCcoma Sudumozo
noaca Mupa Had zZOpuzoHmMom paeHa Mmodyanio wupomes. mecma HabLo-
denusn: h, = l¢pl. CregoaTensHo, B HeOecHOH cdepbl 3aBUCHT OT IOJOKEHHS Ha-
dmogaTens, a TOYHee, OT FeorpauyuecKoil HMIMPOTHI MecTa HaAOMIOAeHHHA.
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X0A PABOTHI:
a e
- &J) | Ilosropure matepman yuebHuka (c. 20—21). ;
0 IlpeacraBbre, 4TO BBl HAXOAMTECH B TAKOM MECTE 3€MHOMH MOBEPXHOCTH, IIe B 3e- '
HUTe HaOMOJaeTcs OAHA U3 chaeAylommux 3Bésn: Berensreiize, Bera, Cnuka, Kauo-
nye, Anrapec, Cupuye, Ansdepan, Pykbax.
B Hcnonsaya HuTepHer MM MHNOABHKHYIO KapTy 3BésgHOro Heba, oNpemeIdTe
CKJIOHEHHe O AJA Kamaoi ua 3séan. PeayabraTel 3aHecuTe B Tabaumy.
3seana Craonenue o HIupora ¢ mecra HaGmaoneHusd,
rae aBe3na Habmogaercda B 3eHHTE
Berenereiiae
Bera
Cnuxka
Kanonye
AHTapec
Cupuyce
Ansepar
Pyubax
o Onpepenure MHUPOTH ¢ MecT HADMIONEHHs, I'Jleé B 36HHUTe HAOMIOAAKTCA YKA3AHHBIE
3péabl. PeaynbTaThl 3aHecHTe B Tabamiy.
ITodckaska: evicoma ceemua, Haxodsawezoca 8 3eHume, pasua 90°,
o Ha pucynrkax 3a u 30 mocrTpoiiTe npoexilHH HebecHO# cdepbl AaA MeCT 3eMHOM

NOBEPXHOCTH, Ile B 3eHHTe HabmopaloTes ABe (mo BeIGOpY YVYWMTENfA) M3 BHIIEVKA-
3aHHBIX 3BE3N:
B O6osuausre nenTp HebecHoil cdepsr O, Toukn 3eHuTa Z W Hagupa Z',

Pue. 3a




B Ha nwsun ropusonTa obosHaubTe TOYKH cesepa N m iora S.

B Ormernre nososxeHus cepepHoro P u 1o:uOr0 P’ NOMIOCOB MHpA.
IModckaska: eocnoab3yiimecs mMeopemoll 0 6blcomMe NoACa MUpa Had 20PU0HMOM.
Ob6pamume enumanue: daa nabawdamens 6 Ceseprom noaywapuu 3emiu Had zo-
PU3OHMOM DACNONONEH CEEEPHBLI MONINC MUpa, 8 fOXNcHOM — ONCHbLL MONI0C MUpPd.
B Ilposeaure nuumio POP’, naolpakanomyio ock MHpA.

B Tlocrpoiite nueM0, H3obpakawniyio HebecHBIH sxBaTop QQ'.

Henonsays nocrpoedubie Momenn HebecHbIX cdep, onpefennTe BeicoTy h, TOUKH @
nepecedyeHHA HeOecHOro sKBaTOpa ¢ HeDeCHBIM MepHIHAHOM, JeMalieid HajJ II0CKOo-
CTEID MATEMATHYECKOIO TOPH30OHTA.

Ha IMIOCTPOEHHBIX MOIOEJIAX Hanﬁpaanre, HCIIOJIB3YVA IBETHLBIE KapaHAallH, CYTOYHBIE
napajjield 3Be3/ikl, KOTOpAA B JAaHHOH TOYKe HADJIOIeHUA ABIASTCH:

[ | mesaxopgameit; [ | mesocxomameit; [ | Bocxoasmeil M saxoasmiei.

BOMPOCHI AN1A 3AKPEMNEHWA MATEPWANA

B Kaxoe ckJoHeHHe NOJKHA MMeTh 3BE3[a, €C]H OHA KYJbMHUHHDYET B 3eHUTE B

MecTe, e Bhl HPD}EHEﬂETE?

B Buseanre gopmyay aia onpefesieHUs MHTEPBAJA CKJIOHEHHMA 3B&3Jl, KOTODHIE B
MecTe HabIwIeHHA ¢ MHUPOTOH ©:

a) HUKOTJAA He BaXOIAT

0) HUKOIJA He BOCXOIAT

B) MOTYT BOCXOOHUTH H 3aXO0IHUTh

KOMMEHTAPWUW YHWUTENS:

OTMETEA

e I e S T e P T 5 o B




MPUEOPbI
W MATEPUANDL:

nUHenKa.

AONONHUTENbHbIE
CBEQIEHWA:

MonapHas 3se3ga

ConHue _— ?-— -
B OEHb . 51 i Conxue
BEeCeHHEero i : B WOHe
paBHOOEHCTBUA | T
S . I
\{ it
i =
. Y
]

ConHue
B fleHb
N r OCE@HHEro
~ |\ PpaBHopeHcTeuA

MCCNIEAOBAHME CYTOYHOI'O
BMAMMOIro ABMXXEHMA COJIHLIA

LENTb: Mo dotorpadmm cytouHoro gsmxeHus ConHua onpegenvTb
WWPOTY MecTa, rae Npou3BoAuNack CbEMKa.

@orvorpacua cytoyHoro aeuxeHns ConHua, kapaHgall,

21 mapra
22 23 ceHTsbpA

WHOHA

Puc. 2

Kamxymieeca Bpaigenue HebecHoi cdepsl
BOKDYI' OCH MHDA ABJAETCHA CJAEICTBHEM Ieii-
CTBHTENLHOrO BpallleHUs 3eMJIH BOKDPYI CBOeil
ocu. Habmoparens, Haxoaammiicad Ha 10-
BEPXHOCTH 3eMJM, BHAWAT, 4YTO B TEUYEeHHE Cy-
TOK HeDecHBIE Tejla NepeMeljanTcd Mo Heby.
Cymounsim deéuincenuem Ha3LIBASTCH BUIH-
MO€ ABMIKEHHE CBETHJI, KOTOpoe 00VCIOBJIEHO
BpalleHHeM 3eMJIH BOKPYI' CBOeH OcH.

Connue, nogodHO 3BE31aM, VYACTBYET B
CYTOYHOM ABMIKEHMH: OHO BOCXOAMT B BOC-
TOYHOH 4YAacTH TOpPH30HTA, ONHCLIBAET IVIY
Ha HeDe M 3aXO0JNT B 3amaJgHOH HacTH ropH-
goHTa. B Teuenue roga ConHie nepeMeniaer-
CcA cpenyu 3Bé3] 10 IKAunmuke — DOabLIIO-
MV KpVI'y HeDecHOH ciepbl, HAKJIOHEHHOMY K
HeDecHOMY sKBATOPY mof yraom 23,57 (pue. 1). |
[Toaromy AKBATOPHUAJLHBIE KOOPAMHATHI
Connna o, 1 0. HBMeHAIOTCA B TedeHHe Toja.

FMo UHMEPECcHO: HA3BAMHUE «IKJUNMIU-
wa» (ecliptic) 603HUKAO ROMOMY, HWMO
moasko mozda, kozda Jyna (6ydyuu & ghase
HOBOAYHUA UJAU NOAHOAYHUA) nepecexaem
IKAUNMUKY, Mbl MOMEM Habnwdams 3am-
menua (eclipse) Coanua uau Jynoe.

Hz-3a wuasmMenennsa crmoHeHus CoaHna
€ro cyTO4YHBIE NYTH Ha HeDe, TOYKH BOCX0ja
1 3axoJa MeHHIOTCA IeHb oTo gHA. Taxmxe
eMeIHEBHO H3MEHAETCH NoaydeHHan 6bLco-
ma Connua h., (r.e. Beicora ConHila B Bepx-
Hel KYJbMHHAIIMHM; pHC. 2).

Kak Bpl spHaeTe, Mo M3BECTHBIM LIMpOTE |
MecTa HaOMOJEHHs () H CKJIOHEeHHo O Hebec-
HOT'O GE'I:EKTE MOMHO OTIpeneJHTs erc BEICO-
TY Haj TOPMBOHTOM B MOMEHT KVJIbMWHAIMM. |




B kakux npejensx MeHAETCHA CHIOHEHHEe Conana B Teuenwe rojga?

Janummure GopMyay AJAA BRIYHCIEHHA MOJAVAeHHOH BhicoThl CoJaHIla, ecan HAOMIO-
AaTesNlbh HaXOAUTCA B NYHKTe, reorpauyeckas INMHPOTA KOTOPOrO:

B o > 235

Henonsaysd NONyUeHHYIO BAMUA (DOPMYJY, MOMHO BBIYHCANTH LIMPOTY MeCcTa Ha-
onwpennsa. Ilaa aroro Hy:KHO H3MepHTE BhicoTy ColHIAa B KyapmMuHanuu. KoHewHO
e HY;KHO 3HATHL JaTy, KOraa 5TH H3MepeHHs NPOBOAHIHCH!

Briegure dopMmyay, M0 KOTOPOH MOMHO BEMHCIHTL IIMPOTY MecTa HabmwoaeHHH,
eca¥ M3BecTHHI mnoJayieHHad Beicota CoaHma h, M ero cKJIOHEHHEe O.:

Craomenmne CoJHIIA MOMKHO ONpeAe/HTE IO NOABMXKHON KapTe 3BE3AHOro Heba
nIub0 HalTH B ACTPOHOMHYECKOM exerofHuke. Takixe MOMHO MCIOJB30BATH JHOYIO
NOCTYIHYIO MporpaMmy-miaHerapuil (Hanpumep, Stellarium).

Ecamt B Tedyenue OgHOro AHA ¢ (PHKCHPOBAHHOMH MO3MIMH JenaTh cHUMEKHM CosHIa
yepes paBHBIE MIPOMEKVTKH BPEeMEeHH, A 34TéM CMOHTHDPOBATh MOJYYeHHBIE (hoTorpa-
(bum Ha omHOM H3OOpaXKeHHH, TO MLl HOaAy4YumM OnesnHol mpex Coanya (puc. 3).
3Hafa gaTty (oToChEMKH, MO 3TOMY H30Dpa)kKeHHMI0 MOMKHO NPHUMepHO ONpelelHTh
Beicory ConHna B kyiaemuHanuu. Onpenenms cknoHenue CosHna O., MOYKHO BEI-
YHCJIUTE [IAPOTY MECTda, Ije MpoBoAMjachk NaHHAA (POTOCHLEMKA.

~ XOM PABOTbI:

Ha pucyeke 3 npeacrasieH cyTrounblit Tpek CoJiHIIA, CMOHTHPOBAHHBIN M3 pealbHBIX
cEnMKOE (hoto [1.H0. Knwikosa). Ha doro npeacrasnensr 12 nsobpamxernnit CosHna
C HHTepBaJOM B 1 uwac. Toukn BOCXO0Ja H 3aX0la OTMeueHBI CTpeTHaAMH. HEFIBCI'E
naobpaxxkeane CoaHua cuHATo depesd 30 MHHYT mocie BOCXOHa, MOCHenHee — 3a
30 MmunyT A0 3axoja.

Pue. 3

e
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OnpepenuTe NPOAOKHTENBHOCTE AHA (DOTOCHEMKH.

Hexons M3 NpoaosiKUTEIBHOCTH JHA, ONpeaeinTe NPHUMEPHYIO JATy (POTOCHEMKH.

CooreeTcTBYET JH JaTa CHEMKH (IpHMepHO) OAHOMY H3 JHeil PABHOJAEHCTBHA MIH

conmauecroaaua? Ecam na, To kaxomy?

Ha pucyHKe OTMETBTe CTOPOHBI CBETA.

HGMEPLTE JHHEHKOH pacCTOAHHEe MeXIy TOYKAMH BOCXOJAA M 3axara (ImoMedeHBl

CTPENKAMHM) B MHILTUMETDAX! Fupoxomsaxaran —

Onpejgenure, 4YeMy PaABHO VIJIOBOE PACCTOSHHE Me:KIV TOUYKAMH BOCXO0J4a M 3aKaTa

© 00 © IoE

B JAHHYI »HaTy: rmp.-altt!rr—rpan '

ITpumevanue: yznosoe paccmosHue mexdy mouxkamu socxoda u zaxama pPasHo
yenoeoit mepe dyzu mamemamuueckKoz2o 20pU30HMA MeXcdy amumu movKamu.

C

Ha caumMke mamepbTe JHHeKoH BeicoTy CojiHIIa B BepXHel TouKe Tpeka (B Ky.b-

MHHAUUA) B MELIAMeTPaX: 000 =

Paccuwnraiite Bricory Connna B KynbMHHAUMM B rpaaycax h,... ... [lns arvoro co-
CTABHUM IPOTIOPIHIO:

hlﬂ'm"‘Plﬂ e rmxon-anulr-mu
e BT rmt:m‘:-m-rsa

Beraueanre Ryuoerpant

B Buiuncanre mupory Mecra HabMIOZeHUA:

BOMPOCHI ANA 3AKPEMNEHWA MATEPWATIA

B Ilouemy mpomcxoauT cmeHa BpeMéH roja?

B B xaxue marer ConHIle BOCXOAHT TOYHO HA BOCTOKE M 3aXOAWT TOUHO Ha samnaze?

B Moskno mu Ha Teppuropun Poccun yeuaers CosnHie B senute?

KOMMEHTAPWIA YHWUTENR.




MCCNEJOBAHME ABVMKEHMA
MCKYCCTBEEHHbDBIX CNMNYTHUKOEB
SENJIN

LENb: PaccuvTaTh CKOPOCTM ABWXEHWS CNYTHUKOB MO KPYroBbim

U annunTUu4ecKum GFGHTEM, onpenennTk YCNOBWA, NPKWM KOTOPbIX

CIYTHUKWA MOTYT CTOMKHYTBCS, OLEHUTL MOCNEACTBUA BO3MOXHOI
CTONKHOBEHMA CNYTHWUKOB.

MPUEOPbI PUCyHOK OpBMUT CNyTHMKOB, KanbKynsTop.
W MATEPWAD:

AONONHWUTENDHbIE
CBEJEHWA:

Cornacio nepsomy o0o0meénHOMY sakoHy HKensepa mon peiicTBHeM CHIIBI NPHTHA-
FHEeHUA OJHO HeDeCHOE Teno ABHIMKETCH B IOJIe TATOTEeHHS Apyroro HeDecHOro Teja Imo
OAHOMY M3 KOHMYeCKHX ceueHHil — OKPYIKHOCTH, 3JLTHINCY, napabome wam runepose.
IBmxenne MCKYCCTBEHHBIX cnyTHHKOB 3emum (MC3) raxske nogumHAeTca 9TOMY 3a-
KoHY. MB!I pacemorpum HMC3, xoTOphle HMEHT KDPYIOBHIE H JUIHNOTHYECKHe OpOHTHI.

CropocTh CHYTHHKA HA KPYroBoil opdHuTe HaxoAHTCA MO0 QopMye

= «!’GE,
r

rie G — rpaBUTANMOHHAA NOCTOAHHAH, pasHaa 6,67-10" H-m  xr '
M = 5,97-10" kr — macca Semuu, r — paguyc OpOHTHL.

ITpu aBMMKEeHHMH NO JIIHITHYECKOH OpOUTe CKOPOCTE CHYTHHKA OVIET MEHATH-
ed: ckopoceTs TeMm Gonbine, yem OGuaMike cnyTHUK K Semie. Cpennee paccrosHHe OT
CIIYTHHKA 40 HEeHTpa 3eMJH paBHo DoabIION moiyocH a ananunca. Menonabays 3akoH
COXpAHEeHUs 3Heprum u Tpetruil sakon Kemnnepa, nmosxyuaem dopMmMyay Ajds pacdéra
CKOPOCTH JBHIKeHHA He0eCHOro TeJa IO 3JUIMITHYECKOH opOHTe:

U=M=Vﬂi%—1,

rae G — rpasuTanmoHHas nocrosHHad; M — macca 3emiu; r — paccToSgHHE OT
IeHTpa 3eMJH M0 PacCMATPHBAEMOil TOUKH opOuTHI; @ — GoJabIIas MOJVOCh 3JLIHII-

THYECKOi opbuTtsl; V, = G% — CpefHAs KPYyroBasg CKOPOCTH 3JLTMNTHYECKOH opOHTEHI.
Paauye opbuThl 7'y, OTCYHTHIBAETCA OT IEHTPa 3eMJH, MNO3ITOMY eciid yKa-

3aHa BelcoTa /i OPOMTEI COYTHHKA HAJ NOBEPXHOCTHI 3eMIH, TO
rfl:l!."l'HllHEl. i3 & - Rﬂgmn! R.inrl:ln _— 6‘400 KM.

XOJl PABOTBI;

Ha pucyHke mnokasaHel opOHTH ABYX cnyTHHKOB. CnyrHur Ne 1 aBmxercsa no
Kpyvroeoii opbure Ha Bricore 2000 kM or noBepxHoctn 3emum. OpbuTa cCnyTHHKA
Ne 2 — aanunc ¢ Soabmoit monyockw 9000 rm. IInockocTn opdHMT M HanpaBleHHEe
ABHMKEHHSA coBOaganT. MOryT OH COYTHHKH CTOJKHYTBCA?




[MoanumuTe HOMepa CHNYTHHKOB Ha pHcyHEEe, UOTMeThETE cTPEIKAMH MeCcTa BO3ZMOM-
HBIX CTOJNKHOBEHHI,

He mpom3Boasa BBIYHCIAEHHH, onpejenuTe, Kakoil coyrHHK (Ne 1 nam Ne 2) mmeer
ﬁéﬂb]ﬂ}l’lﬂ CKOpPOCTE B MECTAX BOSMOMHOID CTOJNKHOBEHHHA. OrBer NOfACHHTE.

Onpegenure paguyc opburel R coyrEnka N 1 B Merpax.

Brrameanre ¢cKOpocTk enyTHUKA N 1 B MeTpax B CEKVHIY.

Onpegenure, HA KAKOM PAacCTOAHHH I OT IeHTpa 3eMJH HaXOAWJICA COYTHHE Ne 2
B MOMEHT CTOJKHOBEHHHA (OTBeT AaliTe B Merpax).

BrlupciauTe CKOpoCTh cOyTHHMKA N 2 B MeTpax B CEKVHAY.

Paccunraiire CHOpOCTE cOMMMReHUA COYTHHKOB B METpAX B CEKVHIY.

Yrazanue: ckopocmv cOAUNCEHUA PASHA OMHOWEHUNO UIMEHCHUA PACCTNOAHUA MEMH -
dy meaamu Ko BpeMeHl, 3a Komopoe paccmoanue uamensanocs. Tak kax yzon mexoy
KacamenbHbi MU K oplumam 8 moyke CMOAKHOSEHUA MANR, UM MOMHO nperedpeub U
CHWIMAMb, YIMO CRYMHUKE 6 MOMEHT. CRMOAKHO8CHUA JaUuNYmca no odHol npamoil.
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i u." ] Henonsays OONOJHUTEIbHBIE HCTOYHHKH MH(pOpMannu, B ToM 4HcJe pecypesl HE-
) TepHeTa, CPABHUTE MOJYYEHHYIO CKOPOCTH CO CKODPOCTBIO ABUMKEHHA DPASIMYHBIX |
TPaHCIOPTHBIX cpelcTB (aBTOMOOH.JIBL, CAMOJIET, paKeTa # T.I.).

0 CaenaiiTe BBIBOABI 0 BOZMOJKHEIX MOCHEICTBHAX TAKOTO NPEANOIATAeMOT0 «KOCMH-
YeCcKOro TPAHCOOPTHOrO IIPOHMCIIECTBHA.

BOMPOCH! ANd 3AKPENNEHWA MATEPUATIA

B Yesnopexk Ha KOCMHMYECKOIH CTAHIMH HAaXOAMTCA B COCTOAHHM HesecomocTw, Jleii-
CTBYET JIH Ha HEro npuTmixeHue 3eman?

=—r—

B Ilouemy cnyrEuk, obfpamaschk BOKPYr 3eMJ/H, He HafaeT HA €€ NOBEPXHOCTh?

e — —

B Ha kakux op6HTax MOryT HAXOAMTHCH HMCKYCCTBEHHBIE CIYTHHKH, COBEPLIAID- |
mue obopoTel BoKpyr 3emuan? OTMeTrhTe NpaBWIbLHLIE BAPHAHTHI: i

| | Kpyroseie; | | aaaunTmdeckHe, OJM3KHe K KPYrOBBIM; | | 3JJHOTHYECKHE;
| mapabonwWueckwe; | | runepboJIMUYecKHE.

B Kaxoil u3 IBYX CIYTHUKOB — ¢ MEHBIIeH Wau ¢ GOJBIIeH MOAYOCHIO0 OPOUTH —
Gyvaer uMeTh OoabmiHii mepmox obpaimeHns?

—_

————

B Ilouemy Ha ogHOM pACCTOSHHM OT IEHTPA 3eMJIM B PACCMOTDPEHHOI 3ajaue CIIyT-
HUKM MMeJI pPasHYI CKODPOCTh?

KOMMEHTAPUWA YYUTENS: |
i h
l ; ! DTHET Eh "
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CTPOEHME {CONHEYH

M3VYEHME BVJIKAHUYECKOW

AKTMBHOCTMN HA CNYTHMNKE
IONMATEPA MO

_!EL-I_ Onpenenutb BbICOTY W CKOpPOCTL BbIOpOCa BewecTea U3 Xepna

BynkaHa Ha cnytHuke Onutepa Wo.

MPUEOPHI @ortorpacdua Mo ¢ M3BepralowMMca BYNKaHOM, NMHeNKa. |
M MATEPWUANDI: -
JONONHUTENbHBIE

CBELEHWS:

Bmmskaiimnit k¥ Onurepy kpynasiil cnyTHEK Ho umeer paguyve R = 1820 m u
maccy M = 7,3 10% kr. KocMuueckne CTAHIIUY (Boanmep 1 m Boamwep 2) He-
ogHOKpaTHO (pororpadmuporann Mo u ofHADPYXKHMIM HA HEM HECKOJBKO HM3Beprai-
IIMXCHA BYJKAHOB, 4YTO YVKa3bIBAeT HA BEICOKHE TEeMIEPATVPE! B HeApax CIOVTHHKOB.
OcHOBHBIM MEeXaHHM3MOM paszorpesa BellecTBa BHYTpH Mo ABageTcs NPHUIMBHOE BO3-
peiicrBe co cropodsl H)nurepa, Koropoe nepuoanuecky gedopMHpyeT ero BHeml-

HHe cJiou, paszorpesad ux. Ha dororpadpmumn noxkasaH HeHCTBYIONIHI BYJIKAH, KOTO-
pPhIil H3BEPraeT BellecTBO Ha DOJBINVIO BBICOTY.

XOJ PABOTbI:

Q Onpenenure macmrrad cHUMKA, VUNUTHEIBA", uTto paauye Ho pasern 1820 xwm.

1,) HamepbTe BBICOTY BHIOPOCA B MHJIJAMMETpAX M ¢ NOMOIILI MacmTaba paccumraiitTe
peanbHVIO BBICOTY BEIOpOCa B KHJIOMETpax.




CTPOEHME .COJ:;I‘HEI-IHOI?i CUCTEMb]

. ITo macce n pagHycy onpegenuTe YCEOpeHHe cBOOOHOTO MANEHHA HA MOBEPXHOCTH
CIOYTHHEA.

0 Henoneays 3aKoH COXPAHEHHMA SHEPrHH, ONpejenuTe CKOpocThb Bhibpoca BemjecTBa |
U3 KepJja ByJIKaHa.

- Hecrnonb3ya AONOTHNTEIbHBIE HCTOYHHUEN MH(MOPMANUWH, B TOM 4YHCIe pecypch MH-
TepHeTa. CPABHUTE TOJVUYEHHVIO CKOPOCTH €O CKODOCTHIO M3BePIKeHWs BeIecTBA B |
3eMHBIX ByJaxaHax. Pesynerarel cpaBHeHnsa odopMmMure B BHAe TaDJIHILLL. |

| CKOpocTh M3BEPIKEHNA BellecTna CropocTs BeIOpOCa BeliecTsa
' B 3eMHBIX BYJKAHAX u3 mepaa syaxkana ma Ho

BOMPOCHI N4 3AKPEMNEHA MATEPUANA

B Kax casama ByIkaEWYecKas AKTHBHOCTE M0 ¢ MOYTH MOJNHBIM OTCYTCTBHEM
VAAPHBIX KPATEpPOB HA ero MOBEpPXHOCTH, CTONbL XApAKTepHBIX Aad JIVHEEI B enyT-
HHKOB JPYTHX ILTaHeT?

B Ha 3emze pyixkanuveckas akTMBHOCTH CBA3AHA ¢ BHIJEJEHUEM Temja OpH pac-
naje pagMoOaKTHBHBIX 3JIEMEHTOB BHYTPH Heé, a KaKOil mpolecc, [0 COBPeMEeHHBIM
npeacrasiIeHnAM, waasut Hegpa Ho?

——_

KOMMEHTAPUWA YYWUTENS:;
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P9l NOCTPOEHME AWArPAMMDb]
FEPLILUNPYHIrA—PECCEJIA

U EE AHANU3

LIENb: MocTpouTe guarpammMy TemnepaTypa—cBeTMMOCTb
W YCTAHOBWTE B3aWMOCBA3L MEXAY XapaKTepucTuKamwn 3B€3f.

NPUEOPHI Kapanpgaw, uBeTHble KapaHAawwW, nUHenKa.
A MATEPWANGI;

NONONHUTENbHbIE
CBE/IEHUS:

3Bé31bI — OrPOMHBLIE rasoBbie IIaphbl, KOTOPbIE HAXOAATCA O4YEHb MNAJEKO OT
demin. EAMHCTEEHHBIM HCTOYHHKOM HHO(ODMAIMHE O JAaNEKHX 3BE3ZlaX ABJAETCH UX
uanydenmne. Yxe B cepenumHe XIX B. acTpoHOMBI HAYUYHWJIHCE ONpeNeNATh (hu3Hye-
CKHE XapaKTepPHCTHKH 3BE€3J 10 JaHHbIM MX HaOmoleHHi, 1 K Hauany XX B. Ha-
KOIMJINCE AaHHEIE O JecATKAax Teica4u 3seé3n. Ho xak HaOmogaeMble XapaKTEPHCTHEH
3BE3JK — 3BE3AHAA BeJMYMHA MJH CBETHMOCTh, CHEKTPAJBHEIM KJIacCC — CBASAHKI C
uX (pU3HYECKHMH XapaKTepHCTHKAMM?

B nawane XX B. acrponomsl QitHap I'epumnpyar ([Jasusa) u 'eapun Hopue Pec-
cen (CIIIA) moctpounu TeoperHdyeckHe rpadukH, KOTOpPBIE CBA3LIBAJM JIBé OCHOB- |
HEIE XapaKTEePHCTHKH 3BE3[bi: CBETHMOCTh M CHEKTPaJbHBIH KJacc. Y4éHble pac-
NOJOMKHUJIN 3BE3JLI HA AHATPpAMME, [0 BEPTHKAJBHOH OCH KOTOpPOil OTKJAJLIBAIH
CBETHMOCTh 3Be3/bl, & M0 FOPH3OHTANLHONH — eé cmeKTpanabHBN Kiacc. OKasanoch, |
4TO 3BE3ABI HAa 2TOH AMarpaMMe pacnoJjiaraimoTcAa He OecnopAfodHOo, a ofpasyloT

g —

OnpefeléHHbIe IPYIIILI.
@ HasecTHO, YTO CHEKTP 3BE3Nbl 3aBUCHT OT Temmneparypsi. IlosTomy Ha ropusoH-
c. 92, TAJILHOH OCH AHArpaMMbl OTKJISABIBAIOT JH00 CHeKTpalbHBIN Kiacc 3Be3fbl, aubo
93 eé Temnepatypy. B nocnepHem ciaydae ochb INKAJBI TeMIIePATYD INPHUHATO HaNpas-

JIATE CIpaBa HAJEBO, T.e. TeMIepaTypa II0 NOPH30HTANLHOH ocH yoniBaer. ITopnobuoe
MOCTPOEHHE — 3TO HAHB TPagHIlMK, 4To0BI AHATpDAMMA MMeJa TAKOH e BHA, Kak
u nocrpoenHasa lepummpyarom u Peccemom.

B uecTs neproOTKpBIBATENEH AHATDAMMY HA3BIBAOT MX HMeHaMu: duazpamma |
I'epywnpynza— Peccena. Ho Bapaay ¢ aTHM HCHOOJB3YIOT M JApPYyTHe Ha3BaHWA:
AMArpaMmMa CHneKTp—CBeTHMOCTh HJIH TeMIeparTypa—CBeTHMOCTE, B 32aBHCHMOCTH OT
TOr0, KAKHEe BeJHYMHBl OTKJIAJBIBAIOT [0 TOPH30HTAJLHON W BePTHKAJIBHOIN OCAM
ANATPDAMMEIL.

Hecneposanne amarpammbel [epumnpyHra—Peccena spigeTcs Ba)KHeHIIAM HC-
TOUHHKOM cBegeHuit 00 spomwonnd sséan. Ilo nonosxennio 3Be3gnl HA AuarpaMme
. OTIPENenAinT ¥ KakoB eé JajJbHeHIIWI «KH3HEeHHBIH NIyTh». C NOMOIIBID AHarpaMMbl

MOMHO OupefeanTh abCOMIOTHYIO 3BE3NHYIO BEIHYHHY 3Be3/kl U OLeHHTE PACCTOAHME
j 1o Heé. Kpome Toro, marpaMma CIeKTD—CBETHMOCTE MO3BOJAET OLEHUTH OCHOBHBIE
XAPAKTEPHCTHKH 3BE3J, He npuderadg K AOJAIHM YTOMHMTEJIBHBIM BBIYHMCICHHAM.

Bonee noxpotHbIe ceegenna o0 amarpamme lepunmmnpynra—Peccena Bl momere
HaiTH B «AcTpoHers: http://www.astronet.ru/db/msg/1191489,
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XO[ PABOTbI:

B rmabamne nanel xapakTepHMcTHKH 3Béza: Temnepatrypa T (B K), cerermmocTh, BhI-
pasxenHas B ceeruMocTaX Comnna (cserumocth ConHua mpuUHATA 3a 1),

N m/m 3Beana T. K {530 0 Ilocroiire amarpammy [IepunmmpyHra—
1 Conann 5800 1 PE:.!C'EJIH INA NPHBEOEHHBIX B Tabauie
geéan. Ilo BepTuKaneHON OCH OTKJIAHLI-
2 o Henraspa A 5800 1,3 BaliTe CBeTHMOCTh (B CBETHMOCTHX
3 o [enraspa B 4100 0,36 Coania), 1o ropH30OHTAJIBHON — TeMmIe-
: 4 Bepcion 2800 0,0004 parypy. 'opusonTanbHaa mIKaja Hepas-
HOMEpHA.
D Cupnye A 10 400 23 .
6 Cupuye B 10 700 0,008 0 Hanecure Ha auUarpaMmy OVHHETHpOM |
7 Hockronin 6500 76 MNIABHYHO TOCJEI0BATENIBHOCTE.
8 Hponuor B 7400 0,0005 O Henoneays rabmuny yuebnnka «Cnex- |
9 Karonye 7400 1500 TpanbHAA KJaaccupuranua aséans (c. 92),
10 ApETYD 4500 a0 HﬂCTIJ'DﬁTE Ha JHarpamMmMe BepTHEAaIlbL-
HEIEé [BETHRIE TOJIOCHI, COOTBETCTBYIO-
11 Bera 10 700 60 IUe IBeTy 3BE3.
12 Kamnenna 5900 150
13 Purens 11 800 40 000 0 OrmersTe Ha guarpamMme obOsacTH, TAe
pPacIioI0#EeHbl KpacHble F’MIaHThI, Geabie
14 Berensreiize 3200 17 000 KADJIMKH, CBEPXIHTAHTEL.
15 Axepnap 14 300 200
16 Ansraup 8000 10 B Kax 6yayr Beiriazers HA AuarpaMme
KOTODBIX PACIOIATAIOTCH 3BE3ALI ONMHA-
18 Crnuka 21 300 1900 KoBoro pammyca?
19 Anrapec 3400 4400
20 Jened 9900 40 000

BOMPOCH! A4 3AKPETIIEHNA MATEPUATIA I

B Kakyio 3aBHCHMOCTH MeMJy TeMIEpPATypoil 2Besfhl M eé [BEeTOM BEl MOMKeTe
VCTAHOBUTH, MNOJB3VACH MOCTPOEHHON AMarpaMmoii?

B Ounenwure TeMnepaTypy H LIEBEeT 3Be3bl IJIABHOII MOCIEA0BATENbHOCTH CHEKTPATb-
Horo Knacca A. Ilpuseanre npuMep TAKOMH 3Be3bl.
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Huazpamma Tepuwnpynea—Peccena
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KOMMEHTAPWW YYUTENS:
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OLEHUBAHMWE ®O0OPMbI
FAJIAKTUKM METOLOM
«3BE3[AHDIX YEPNAKOB»

ENb: Mo3HaKOMUTECA C METOAOM «3BE3[HbLIX Yepnakos»
L]
W, UCNONb3ya ero, oxapakrepusosaTtb (opmy lAnakTUKK.

MPUEOPbI Komnnekrbl kapT y4acTkoB co3Be3gui (No ogHOMY Ha rpynny
U MATEPUATBI: yyalwmxca), nogsuKHan kapTta 3sésaHoro Heba unu nobasn
npyraa kapta Heba, kapaHgaw, KOMNbLIOTEP, dNEKTPOHHAaA
Tabnuua (Excel, OpenOffice.org Calc unu nogo6Has).

NPUMEYAHUE: KomnnekTsl KapT fo Hayana BbinonHeHws paboTtbl ckavanTe !
¢ canta http://stellaria.school /page /milkyway; http://spheres.ru
W pacneyatanTe HeoBXoAUMOe KONUYECTBO 3K3EeMMNApPOB., |
B opHOM KOMMNEKTe COASPXATCA KapThl ANs ABYX y4acrkoe Heba.

[LONONHUTENBHBIE
CBEQIEHWS:

B scHyw OGealVHHYI HOYR Ha He0e XOpollo pasiHYHMMa CBeTjasd Iojoca —
Muneunstii Ilyts. Ecnm Bel BHHMaTenbHEIN Habalogarenb, TO HaABEePpHAKA 3aMeTHJH
HEOJHHAKOBYIO B PA3HBIX MECTaxX APKOCTE H KJIOYKOBATYIO CTPYHTYPY STOH MOJOCHI.
A mocmorpes Ha Maeunsiii IIyTes B OMHOKJIL WJIH TEJECKOIl, Bbl YBHAWTE OIDOMHOE 1
YHCJI0 3BE3J], HepasIMuMMBIX HEeBOOPYVKEHHBIM IJ1a3oM. |
: Muneunsiit [IyTe, KOoTOPBIT MEI HaOmMOJaeM Ha Hebe B BHJAE CBeTJIONH MOJIOCH], OIO-
AckIBaOIIel Beé HeDO, — 3TO NpoeKIMA Haleil asBésgHoi cuereMmbl (lamakTHKH) HA
HeDecHyio cthepy. MoxHo M, HAXOAACE BHYTPH 3TOI0 «3BE3JHOrO OCTPOBA», ONpeje-
. amTh ero topmy 1 pasmep? OpHmM M3 EepPBBIX, KTO 3aHHMAJCA CHCTEMATHYECKHM
| HcoJefioBaHHEeM 2TOi npobaemsl, Obla aHramitckui acTpoHoM Brasam epmens (1738—
| 1822). O= HCHOJB30BAI OCOBLIR crIocob MoiCcYéTa 3BE3N B OTHENBHO B3ATHIX HEGONE-
IIHX ILIoIagKax, pasdpocaHHBIX mo Bcemy HeDy, — MeTOJ «3BE3JHBIX 4YepPIaKOB».
lepmienis mpeanososKua, 4To OJMMKe BCero K 3emJie HaxXoAdATcH cAMBle ApKHe 3B83abl, |
a4 CAMBIMH JajIEKUMH ABJIAKTCH, COOTBETCTBEHHO, caMble chaalblie 3B€3Ibl, ¢ TPYAOM
pasnuunMbie B Tedeckon (rereckon [Depinens TO3BOJIAJA pasivuYaTh 3BE3ALI A0
15-i1 spéaanoit Benuuunsl). Uceneaya nnomankH, KOTOpble HAXOAMINCH 1o 0be cTopo-
. HBI M HA PasHBLIX VIVIOBBIX PACCTOAHHMAX OT cpeaHeil maockoeru Miaeunoro IlyrTu, Iep-
meak ofHAPYIKWJ, 4YTO 4YMCJI0 3BE3J BoadpacraeT no Mmepe npubumsennsa k Mieunomy
[Tyt 1 gocTHraeT MaKCHMAJILHBIX 3HAYEHHII B CAMBIX APKHX ero objacTdax.

B aroii paGore BBl cMOMeTe NMOBTOPHUTH HMcclenoeaHue ['epmiens WM cjelaTh BbI-
BoA o (opme Hameil FamaxTuxn.

XOJ1 PABOTBI: '

Bam mpefcTOMT NOJACUHTATE KOJMYECTBO 3BE3J 3AJaHHON 3BE3MHON BeNIMYMHEI, HC-
MOMLIYA HOMIJIEKTHI KapT VYACTKOB pasiu4YHBIX cosBesgwii. [Iasa wumccnemoBasus :
BEIOpaHsl yuacTKH Heba paBHOM maolllajiM, pachnojoskeHHble Kak BOiausu Miaeunoro
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#  MAEYHBIN NYTb — HALWA FANAKTUKA

IIyTtH, TaKk ¥ B OTHAJeHHU OT Hero. KajkKIbIi KOMILIEKT COHEDKUT Mo T KapT ABYX
V4acTKoB HebDa.

Insa peinonHeHusa paborel obbeauHHTECH rpynnel (or 2 go 6 yyammxca nmo ykasa-
HHIO YYHTeJI).

o B zaromoske BTOpPOro M Tperhero croJbmos Tabmmn 1 m 2 gonHIuMTe HASBAHHA CO-
3BEe3AHil, KApPTHl KOTOPHLIX BXOAAT B Baml pabouyMil KOMIJIEKT.

O TTogcuuTaiiTe KoaWyecTBO 38634 no 9, 10, 11, 12, 13, 14-if 3Bé3aHON BeJIUUYMHEl AJIA
VUACTKOB CO3Be3/IWil M pesy/NbTATHI 3aHECHTe B COOTBETCTBVIOIIMe cTonbiel Tabmuusr 1.

IIpumevanue: HexKomopsvle Kapmsl pasdeneHbl HA npamoyzonbHbie yvacmiu. Ecau
38¢€30 na wapme mnozo (Ooaee 300), mo dasa ydobemea MoxucHO nodcuumams Ko-
Audecmeo 36é30 68 odnom keadpame u YMHONCUMb HA qucao keadpamos. Cmpozo
2080pA, KoAuvecmeo 368¢30 8 waxcdom weadpame, cKopee 8cez20, He DOUHAKOB0, HO
MONCHO NPUHAMDB, YMO IMU FHAYEHUA 6 npedenax 00HOU Kapmbl NPUMEPHO PAGHbL.
Ha wapmax uzobpaxcervl 38é30b1 om camoil apxoil do zadannoil 3863000 seal-
YUMHbL, M.e. yKazaHbl 36¢30bt ¢ geauyunamu 8", 9" u m.d. do 12". Iasa moeo uwmo-
ObL nodewumamse KoJauyecmao 36¢30 emynenu 11-it 38630100 BeNUNUHBL, HYNCHO U3
yucaa 36é30 do 12" evivecmv wucao 36é30 do 117,

Tabnuya 1
Jdo kawroi Yuecno aséan
3BE3THON BeJIMUMHEL
HAa YyYacTKe B CO3Be3HH HA y4YacTke B CO3Be3IHu
gln
luhl
13™
12"
13“!
14"
0 Sanoaaute Tabanuy 2.
Tabauua 2
Crymenn Yueno 3Bé3a
ABE3THBIX
, iy HA YYaACTKe B CO3BE3TMH | HA YYACTKE B CO3Be3TMH | COTJACHO TEOPHH
, 9 4
10 16
11 64
12 256
13 1024
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SWUIEYHBIN NYTb — HAWA TANAKTMKA

B B nocnexgnem cronbme Tabnuibl 2 yKasaHa TeopeTHUYeCKAs 3aBHCHMOCTB, Bhi-

YHCJIEHHAA W3 NPeANONOMeHMss, YTO 3BE3Abl 10 OeCcKOHEYHOCTH pACIHONATAKTCH
IPHMEPHO ¢ TAKOH Ke IJIOTHOCTHIO, KAK B oxpecrHocTax Connna. IIpu arom kask-
nas HOBaA, BCE OoJiee caabas cryneHb Oyaer coieps:xkaTh B 4 pasa Oonblile 3Be3l,

qyeM Npeablayinasd.

Henoasaya gaHHble Tabnaunsl 2, nocrpoiTe rpad@uxE aas ofoMX VUYACTHOB M TeO-

peTHUeckoll saBucumMocTH. [lognminnTe NMoJaydeHHBIE KPHBBIE,
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| CTYNEHW 3BE3AHBIX BEAMYMH

OpuHaKOBO JM MeHsAeTCA I[LJIOTHOCTH 3BE3J] M0 Mepe VIAJeHHSA OT
VUACTKOB, KOTOPEIE Bhl HMCCIeHOBAJH?

Conana nnsa

ITouemy sKcnepHMMeHTANBHBIC SABHMCHUMOCTH OTJAMMAIOTCA OT TEDPETH‘!ECHUﬂ?

.



MM MAENHBLINI NYTb — HAWIA FANAKTUKA

o Henonsaya kapty 3BésgHoro Heba, onpefennTe, B KakHX HanpasineHHax or ComHna
N0 OTHOINEHHI0 K meHTpY lalakTHKH HaAXOAATCA ydacTkn Heba, KOTOpPhIE HCIOJb-
30BaAJIMCh IJA NaHHONW paboThl.

0 CaenaiiTe zakimiouedue o (opme vHameld larakTHKH.

0 ITouemy uacTh KpHBBIX BeleT cefa COBCeM He TAK, KAK TeopeTHYeCHKAaHd 3aBHCHMOCTH
ansa caadeix 3B€3a7 BribepuTe oAMH M3 NPHUBEAEHHBLIX HMIKE OTBETOB JUO0 3aNMIIN-
Te CBOM.

| | 3péansl 3aKAHYHMBAIOTCA HA 3THX PACCTOAHHAX, 3To Kpal I'alakTHKH.

| | CeepxmaccuBHasA 4épHad AbIpa B HeHTpe 'alakTHKHA cMecTHJIA BHAHMOE H3JIY-
UeHHe 3BE3J B MH(MPAKPACHYIO 00JI4CTE.

| | B arux objacTax pacnojoseHbl objaka TEMHOH NBIM («VroJdbHBIE MEIIKH»),
norJoiamine ceeT oT DoJee NANTEKHX 3BE3j.

. || Csoii BapuasT.

BOMPOCHI [NA 3AKPENNEHWUA MATEPUANIA

B xaxom cossesamm Haxoawurca meHTp lamaxkTurm?

I'ne pacnonoxeno Conunpe B lNanaxTuxe?

Yr1o BXoauT B cocraB lalakTHEM?

| B uéMm sakJi0uyaeTca METOJ «3BE3JAHBIX YeprnakKos»?

KOMMEHTAPWUWA YYUTENS:
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3_9 ONPEAEJNIEHNE CKOPOCTWA
YOAANEHMA FANAKTUK
Nno UX CNEKTPAM

LENb: BbI4MCAUTL CKOPOCTW yAaneHus ranaktuk nNo KpacHomy
cmeweHnio nuHuK H, B MX cnekTpax, NnocTpouTb rpadgmk

3aBUCUMOCTM CKOPOCTU YAANeHWA OT PaccTONHWUA A0 ranakTuKu
W NpoaHanu3upoBaTb ero.

e aa

NMPUBOPHI NaGopartopHei cnektp nuHun H, dotorpapmmn natM ranakrTui
U MATEPUANBI: M MX CNeKTpbl, KapaHpaall, NUMHeNKa, KanbKynarop.

AOMONHATENBHBIE
CBEAEHWA:

AMepHKaHCKHII acTpoHOM DABHH Xabbn obHApPYHHI, UTO B CHEKTpax JaJeéxux
raJlakTHK JIMHHM CMellleHkl B KPAacHYIO CTOPOHY OTHOCHTENbHO HX HOPMAJBHOIO MHO-
TosKeHHA. 9TO ABJIEHHE HASBAIH KPACHBLM cmewenuem. KonmuuecTBeHHO KpacHoe
CMeleHHe 2 XAPAKTEPH3VeTCH OTHOCHTELHBIM H3MeHeHHeM [JHWHBI BOJHBL CIIEK-
TPATLHBIX JIMHMI:

oM A=
Ao Ay 7
rae A, — MJHHA BOJHBI CHeKTpPAJIBHON NUHHH B jgabopatopuu; A — B HabJogaeMoM

CIeKTpe.
ITo maBecTHOMY KPACHOMY CMEIeHHI0 MOMHO ONpPele/HTh CKOPOCTh VIAJIeHUA
(rom npubauKeHNdA) rajJlaKTHKHA:

b= s = gz
}1-11 *

rae ¢ = 3+10° kM/c — CKOpPOCTH CBETA.
B oarToit pabore MCNONB3yIOTCHA CHEKTPHI TAJAKTHK, NOJYYEeHHBIE € IIOMOIILIO
BHpTYaabHOro crnexrpockona: https://www.efa.harvard.edu/seuforum/galSpeed/.

X0 PABOTHI:
Haubr nzobpaskeHNa ralakKTHK, HMEIOIHX NMPHMEPHO OJHHAKOBbIe (pH3HUecKHe pas-
Mephl.
0 . PacnososkuTe rajakTHKM 00 HX VIAANEHHOCTH OT IOBEPXHOCTH SeMJIM: OT CAMBIX

OJMM3KUX N0 caMblX JaléKHX (3anmuinouTe UX HOMepa).

0 O6bAcHUTE, TIOYEeMY Bhl PACHOJIOMKHIN IaJakTHKH TakuM o0pasoM.
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lanakmika Ne 1

lanaxkTika Ne 4

fanakTika Ne 3

lanaktika Mo 5

[MoagnummTe HOMEpa TaJakTHK 10 HX VIAJEHHOCTH OT 3eMJH HA FOpH30HTAJBHON

OCH AHATpaMMBI, cUMTad, uTo B Touke 0 pacmosoixeHa 3emis.

CKOPOCTb TANAKTUKW, km/c

! )

45000 -

|

35000 ' -
ﬂ'ﬂ'ﬂﬂﬂ“"-—
25000 + : |
B
15 000 ;

5000 1+ |

0

|

w

Ha pucynrax 1 u 2 nokasassl nabGopaTopHbIi cnekTp Bozopoaa (H) um cnerTpsl
rarakTuk. a8 Kaskaoro ofbeKTa CHeKTpPhLI NPejCTABIeHbl U B BHIE IOPH30HTANL-
HOI IBeTOBOIl moJockl (peayabTaT pasjlOMeHWUs cBeTa B cnexrporpade), W B BHIE
rpaduka H3MeHeHHA WHTEHCHBHOCTH HM3IYUYEHHUS OT JJMHBI BOJHBI, Jpkas kpacHas
AUMHHUSA B CHEKTpax rajJakTHK — JMHHA Bomopoma H, — cmemeHa OTHOCHTEIBHO

nabopaTopHoro sHawennda Ay, = 656 Hm.
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Haiipure auauio Bomopona H, B cnmexTpe Kaskioil rajrakTHKH M olpefelnTe COOT-
BETCTBYIOIIYIO AJUHY BOJHBI A. Peayasrar sanecurTe B Tabammy.

ITocunTaiiTe cMenleHMe CIIeKTPANABHOM JUHMH AL = A — Ay H 3aNUIIATE pPe3yJbTAaT
B COOTRETCTRYVIOMINE cTonben Tabnuiisl.

Ak
Brrunucnure z = 5 DeaysibTaT saHecure B TabiaHILY.
*H

BeupcaHuTe CKOPOCTh VAAJEHHMA TAMAKTHKH U = ¢*2 M 3alHIINTe Pe3vibTaT B IIO-
ciaenHu cronbel; TADIHILEI.

|
lN'anarkTHra JAIuHAa BOJHBL A Crviengenme Kpacroe Cropocts yaa- Paccroaane |
BONOPOAAa B CHeK- CHeKTPaJbHON | CMemeHHe 2z | JeHHA rajlak- | 0 rajJakTHKH, |
Tpe rajJakTHKEH, HM auaun AL THKH U, KM/C MJH CB. JeT
|
1
1
',
2
3
4
2

e
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CTPOEHUE MI3BONIOLIVA. BCENIEHHOW .

S A ik

- ) Jlns xKasaol raJjakTHKH OTMeThTE CKOPOCThL VAAJeHMA Ha guarpamme (0o BepTH-
- 25 ransHolt ocu). [loerpoitte rpadur 3aBUCHMOCTH CKOPOCTH YIAJNEHWSA ralaKTHK OT
; PACCTOAHHUA 0 S3eMJIIH. |

0 IMpoananuaupyiiTe nmonyueHHblll rpaduK M caenaiiTe BEIBOA O COOTHOUIEHHH pac-
CTOAHUA JI0 TAJMAKTHKH U CKODOCTH €€ VIaJeHHHA.

< O uéM CBUIETENBCTBYET pasberanue rajiaKkTHi?

0 ChopmynanpyiiTe u sanummTe 3aKkoH XabOia.

o Henoneaya sakon Xab0sa, BeIYHCIAMTE PACCTOAHHA [0 raJaKTHK. 3Ha4YeHHe HOCTO-
Aol Xa66aa H = 68 gkm/(c-Mngr). IlonyuenHsle peayiabTaThl 3aHecHTe B Tabam-
Iy ¥ NOANMINHTE Ha JuarpamMmMe (ropMsoHTanbHa#d ochk). IIpoamanmsupyiire, npa-
BHJIBHO JIM Bbl PACIIOJNIOMMJIM TAjJaKkTHKH, BLINOJHAA IEpBoe 3ajaHue.

BOMPOCH! ANA 3AKPEMIEHNA MATEPWMANA

B B cnexrpe rasaxtuxkm AmapoMensl HaGMOAaeTCH CABHI CHEKTPAIBHLIX JHHUH B
(hHOJeTOBYI0 (KOPOTKOBOJIHOBYIO) UacTh crexTpa. Kakoii BRIBOZ O ABUIKEHHH BTOil
rajJaKTHKK 10 OTHOIIEHWIO K Hamleil cjeiyeT cieliaTh HA OCHOBAHMH aroro (axra?

B Kaxoit dusuueckuit cMbics uMeeT mocroaHHad Xa66ma?

B Hcnonbays sakon Xab6aa, onmpemeinTe MaKcHMalbHOE PACCTOAHHE, 0 KOTOPO-

ro MOKHO HabJoAaTe HeGecHBIe TeJja.

KOMMEHTAPWI YHUTENS:

OTMETES

J




OLLEHMBAHME BOZMOXMXHOCTW
HAJIMMNA KN3HN
HA K30NMNAHETAX

LLEN: Mo cHUMKaM 3K30NNnaHeT ONpeaenvuTh paguycsi UX opouT,
BbIHMCNNTL T'EMI'IEPET}"W NOBEPXHOCTKM 3K30NnNaHeT U OUeHWTDb
BOZMOXHOCTE HANWMYMA XHM3IHW 3eMHOro TUNa Ha HWX.

NPUEOPbI NluHeiika ¢ MWUANVMETPOBLIMU AeNeHUsMK, KapaHpaly,
W MATEPUANbI: KanbKynsTop.

JOMNONHWATENbHbIE
CBEJEHWS:

Ilnanersl, obpamawinueca BOKPYI APYruX 3BE3]], HA3LIBAIOT IKIONAAHEMO-
Mmu. B HacrosAmee BpeMsa M3BECTHO O MHOTHX ThicA4Yax aksomnyaner. M HexkorTopsie
M3 HUX MOryT ObITH OOHTAaeMBIMH. YUYEHbIe CUHMTAIOT, YTO HHU3HL 3eMHOro THIIA
BO3MOKHA TOJABKO TOT[AA, €CJH HAa MOBEPXHOCTH [LIAHETHI ecTh OOJBIIOE KOJHYe-
CTBO HHAKON Boawl. [Ipo Takwe nnaHeTH FOBOPAT, UTO OHM HAXOAATCA B 30HE
obumaemocmu.

HOna Toro 4Tobel ONpefeJHTh, HAXOAUTCA JH NJaHeTa B 30He 0DHTAEeMOCTH, He-
00X0AMMO 3HATH, CKOJBKO PHEPrdyM INJiaHeTa Nojiydaer oT cBoel 3Beansl. Hak aTo
onenurs? Ilomobras sajaua npeaJaralack AJs pelleHHs AeCATHKJACCHHKAM Ha
npakTHdeckoMm Type Cankr-ITerepbyprckoil acTrpoHoMuUeckoi omumnuansl B 2017 r.
BocnoaesyeMcsa MeTOLOM, KOTOPBIH NpeAjosKeH B pPelIeHHH 3TOH 3agadm.

Bypem cumTaTh, 4TO ILIaHETA MOIJolaeT Kak dépHoe Tejo, eé paauyc R, maa-
Hera HAXOAMTCH Ha PACCTOAHMH @ OT 3Be3isl, cBeTHMOCTh Koropoi L. Ha nnamere
VCTAHOBHUTCHA TeMmuneparypa T B TOM ciaydae, eci¥ B eIMHMILY BPeMeHH IJIAHETa I10-
IJIOIIAET CTOJBKO YK€ 9HEePruH 0T 3Be3lbl, CKOJbKO uaaydaer cama. Or cBoeil 3Bes-
Akl MJIaHeTa MoJAYYaeT SHepruio:

L
e M

BmecTe ¢ Tem corigacHo 3AKOHY CTE@&HE-BGJILHMEHE IJIAHEeTa Hajay4daeT bHep-

THH):
anR’cT',

rme 6 = 5,67-10° kr-c’-K' — mocroaunan Credana—Boasnmana. Ilpupasasem

3TH BEIPDAMEHHA H BhIpaA3HM W
Bz ‘V 15:@"‘ ! (1)

Takum oGpasom, A4 OIEHKH TeMIepaTypsl ILIaHeTH HeoOXOXMMO 3HATEH CBeTH-
MOCTh 3Beaasl L, BOKpyr koropoii obpamiaercda njaHera, M cpeljHee paccTosHHE OT
NJAaHeTHl 0 3Be3jbl @, BLIPAKEHHOE B MeTpax.

CBeTHMOCTH 3Be3[bl, BRIpaXKeHHYIO B cBeTuMocTAX COJHIA, MOMHO BBIYHC/IHTE,
ecau u3pecTHa abcoloTHAas 3BésaHad BenuwumHa M 3Be3El:

L% = 2. 512% M (2)
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. cOl PEMEHHEIE NPOBNEMb} ACTROHOMMM

il et

rae ceerumoers Conmna L, = 3,8+ 10™ Br, abeomornas apéanaas sennuuna Coss-

na M. = 4,8". AGCoMOTHYIO 3BE3AHYI0 BeJMUHMHY 3Beaabl Haiiném mo dopmymne
M=m-5lgr+25,

rje r — paccTOAHHE 0 3Be3[ibl, BhIparKeHHOe B IapceKax;

HAA BeJlMUYMHA.

IIpn oneHKe TeMmepaTypsl IJIAHETE Mbl PACCMATPHBAJIH €€ Kak abCcoJIIOTHO Yép-
Hoe Teso. Ecam ninanera nozobna 3emJuie, ToO nonpaBouHbli Koa((HIHEHT, onpene-
naeMbli ansbeno 3emun, Oyaer nopaaka equHEUNE. [TpH BRIYHCIEHUN TEMIEPATYDHI
M3 aToro KoaduuuenTa OyaeT BRIYUCIATECH KOpPeHL 4-if cTeneHH, MOITOMY DPe3Viib-
TAT IPH TAKOM JIONVINEHWH NpaKTHYEeCKH He M3MeHUTCH.

Kpome Toro, mMel npeanoaraian, 4To ILIAHETa He MMeeT COOCTBeHHBIX MCTOUYHHKOB
sHeprun. Ecim aTo npeanosodkeHue omIMO0YHO, TO MOJYUeHHOe OINHMCAHHBIM BhIllle Me-
TOAOM 3HAYEHHE TEeMIeparypbl ILIaHEThl ABIAETCHd MHHUMAJLHO BO3MOMKHBIM, LA
onpejesieHHs peaNbHBIX TeMIEpaTyp HV:KHA JONOJHHUTENbHAA WH(MOPMAIIMA.

(3)

m — eé BUAHWMAS 3BE3I-

XOJ PABOTHI:

Ha pucyHKe npuBeleHBl HeraTHBHEIe H3oOparkeHHMA YeThIPEX dHK3oIIaHeT, obpama-
IOIIMXCA BOKPYT MOJOMOIl 3Be3fkl ¢ BHAMMOI 3Bé3xHOIN Beamuamuoit 6, pacnosno-
seHHOH Ha paccrosHuH 130 ceeroBrix ser or ConHuma, 3pesga Ha CHHMKAX aKpa-
HHPOBaHA, eé NOoJOKeHHe OTMedeHOo 3Bésmouxoil. Ha cumMKax ykasaHbl JaThel HX
noJaydeHusa U maciurad: aamHa noiockH cooreercrByer 20 a.e. (20 au).
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OfosnaubTe naaHeThHl Ha cHUMEKAax nudpamnm 1, 2, 3, 4.

CunTas opbUTH! ILTaAHET KPYrOBLIMH, & ILIOCKOCTL OpOUT HMepHneHAMKYJIAAPHON Jy4y
3peHHd, ompenelnTe paguycsl opbur. lanHble mamMepeHHIT ¥ BEIMHCIEHUH 3aHecuTe
B Tabamiry.

W Mamepsre paccTosHHe OT 3Be3fhl A0 MJIAHETHl C TOYHOCTBIO /0 MHJLIMUMETpa Ha
00OMX CHHMKAX. _

B Berumcanre cpenHee 3HauYeHHWe PACCTOAHUA OT 3Be3lBl JJIA KaXKJI0i TJIaHeTH,
W Ucnomwsays sagamubiii Macmrrab (aamHa nojocku cooreercrsyer 20 a.e.), onpe-
JeJINTe paccToAHME OT 3Be3fbl /10 NJIAHETHl B a.e.

W BelumcanTe PACCTOSHHUA A0 NiaHeT B MeTpax.

Onpenenure abCOMOTHYIO 3BE3NHVI0O BEIMUYHHY 3Be3jAbl no dopmyae (3).

.
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Tabauya
Ilna- Paceroanne Paccrognue Cpennee Paguye Pannye Temnepatypa
HeTa A0 3Be3AbI M0 3Be3abI paccToAHHe opOHTHI opOiuTHI naxanersr T,
Ha cHMMKe 1, | Ha cammre 2, | 10 3Besnsl, | IIAHETH! 4, | IJAHETHl 4, K
MM MM MM a.e. M

BreruncanTe cBeTHMOCTE 3Beaanl L, mcmonbava cdopmyny (2).

o.&-mm»—-

ITo dopmyne (1) onpegenuTe TeMHIepaTypy [Ajds Kamaoil niaanersl. Peayaerarsl aa-
HecuTe B Tabaumy.

¢

CpenaiiTe BHEIBOJ O BO3MOMKHOCTH HAJMYHAH JKHU3HM 3eMHOI0 THIA Ha KaMJI0H H3
ILIaHEeT.

C

BOMPOCHI ANA 3AKPEMJIERAA MATEPUANA

. Kaxne meToabl nmoHcKa sK30IJIaHET Bhl 3Haete? HEPE‘IHEJIHTE HX.

B Yro takoe zona oburaemocTi?

W Yro aBiserTca HeoGXOAMMEIM VCIOBHEM BOSHHKHOBEHHUS JXHM3HHM 3eMHOTO THNA?

KOMMEHTAPUW YHUTENS:




