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OBIIUE ITOJIOKEHUA

1.1. PesynpTaToM OCBOCHUS yUeOHOW MUCIUTIIMHBI SBJISIETCS TOTOBHOCTH 00YYalomerocs K
OBIIQJICHUIO 3HAHWUN U YMEHUH, 00yCIOBIEHHBIX OOIIMMH U MPO(ECCUOHATBHBIMU KOMIIETCHIIUSMU,
dbopmupyromuecs B nporecce ocBoerus [IITKPC B nemom.

1.2. ®opmoii mpomMekyTOUHOM aTTecTanuu 1o ydeoHou aucuurmummae OYJ[.08 ActpoHomus
U TonaTBepXAcHUE cooTBeTcTBUA Mo mpodeccuun  54.01.20 I'padudueckuii auzaiinep sBISIETCS
Qg epeHITMPOBAHHBIN 3a4ET.

KoHTponbHO-OLIEHOUHBIE ~ CpelcTBa  IpeJHA3HA4YeHbl JJs  KOHTPOJIE U OLEHKHU
00pa30BaTEeNbHBIX JOCTHKECHUH OOYYalONIMXCs, OCBOUBIIMX MPOTpamMMy Y4eOHOH IUCIUTUTHHBI
«Marematukay.

®OC BKIIOYAIOT KOHTPOJIBbHBIE MaTepUalbl IS MPOBEACHUS TEKYIIEro KOHTPOJS H
MMPOMEXKYTOUYHOM aTTecTanuu B popme auddhepeHInpoBaHHOTO 3a4€Ta.

@®OC pa3paboTaHbl B COOTBETCTBHH C:

[MTIICC3 no mpodeccun CIIO 54.02.01 I'paduueckuii nuzaitHep mporpammon y4eOHOU
JTUCIUTUIAHBI « ACTPOHOMUSL. )

1. PE3YJBTATHI OCBOEHHUA YYEFHOM JUCIATIINHBI:
Coneprxanue nporpaMMbl AUCIUIUIMHBI «ACTPOHOMUSD HAIPaBJICHO HA JOCTHKECHHE
CHEAYIOLIMX LeJeH:

e (opMupoBaHHE MPECTABICHUN O COBPEMEHHOM €CTECTBEHHOHAYYHON KapTHHE MUPA, O
eIMHCTBE (DU3NYECKUX 3aKOHOB, JEHCTBYIOMINX Ha 3eMJyie U B O€3rpaHUIHON
Bcenennoi, 0 HempepbhIBHO MPOUCXOISIICH YBOTIOUH HAIIEH TIJIaHETHI, BCEX
KOCMHYECKHUX TEJ U UX CUCTEM, a TakKe caMoi BcelrenHoii.

e (opmupoBanue y o0ydaromuxcsi IOHUMaHUs MPUHIUIHAIBHON pOJIM aCTPOHOMHUU B
MO3HAHUM (PYHIAMEHTAIBHBIX 3aKOHOB MPUPOJIbl U COBPEMEHHON €CTECTBEHHO-HAYYHOM
KapTHUHBI MUPAa;

e (hopMHUpOBaHKE 3HAHUN O PU3MUECKON MPUPOJIC HEOSCHBIX TEJI U CUCTEM, CTPOCHHS 1
3BOJIIOIMH BceeneHHoi, MpocTpaHCTBEHHBIX U BpEMEHHBIX MaciTabax BeenenHoid,
Han0oJiee BAKHBIX ACTPOHOMHUYECKUX OTKPBITUSX, OTIPEICIUBIINX PA3BUTHE HAYKHU U
TEXHUKU;

e (opMupoBaHHE yMEHUS OOBACHATH BUIUMOE TOJI0KEHUE U JIBI)KEHUE HEOECHBIX T
IPUHLIMIIAMH ONIPEAEIIEHUSI MECTOIIOJIOKEHUS U BPEMEHHU 110 aCTPOHOMHYECKUM
00BbEeKTaM, HaBBIKAMH MPAKTHUYECKOTO NCTIOIb30BAHUS KOMITBIOTEPHBIX TPUIIOKEHUH JUIs
OTIpeieNIeHus BU/1a 3B€3IHOT0 HeOa B KOHKPETHOM ITyHKTE JUI 33JaHHOTO BPEMEHU;

e (opMupoBaHHe y 00yUaIOIIMXCs MO3HABATEIbHBIX HHTEPECOB, MHTEIICKTYIbHBIX U
TBOPUYECKUX CIIOCOOHOCTEMN B IMpoliecce MpUoOpETeHHs 3HAHU 110 aCTPOHOMUHU C
MCIIOJIb30BaHUEM PA3JIMYHBIX HCTOYHUKOB HH(OPMALIUU U COBPEMEHHBIX
00pa3oBaTeNbHbIX TEXHOJIOTHIA;

e (opmupoBanue y o0ydaromuxcst yMEHUs! IPUMEHATh IPUOOpETEHHbIE 3HAHUS JJIs
penieHust MpakTUYECKUX 3a/1a4 TOBCEAHEBHOM )KU3HU; HAYYHOTO MUPOBO33PEHUS;

e (opmupoBanue y o0ydaromuxcsi HaBbIKOB HCIOIb30BaHUS €CTECTBEHHO-HAYYHBbIX,
0c00eHHO (PM3NKO-MaTEeMaTUYECKUX 3HAaHUN JJ1s1 OObEKTUBHOT'O aHAJIM3a YCTPOiCTBa
OKpY’KaIOIIEero MUpa Ha MpUMeEpe JOCTHKEHUI COBPEMEHHOM acTpOPHU3UKH,
aCTPOHOMHHU U KOCMOHABTHKH.

OcBoeHue copepKanust y4eOHOU TUCITUTIITUNHBI 00ECTIEYHBAET JOCTHIKEHNUE 00YUYaIOIUMHUCS
CIIEIYIONINX Pe3yJbTATOB:
JUYHOCTHBIX



JI1- oco3Hanue ceds TpaX JaHUHOM BEJTMKOM CTPaHBI;
JI2- nemMoHCTpalnusi TMPUBEP)KEHHOCTH K POJHOW KyJIbTYype, MCTOPUYECKOM NaMITH Ha
OocHOBe N0OBU K Poauwne, pogHOMYy Hapody, Majol pOAMHE, MPUHSATHIO TPAAUIMOHHBIX
LIEHHOCTEH MHOTOHAIMOHaJIbHOTO Hapoaa Poccuu;
JI3- ycTOMYMBBEIM WHTEpPEC K 3alluTe OKPYXKAIOIICH Cpenpl, COOCTBEHHON W 4UYyXKOH
0€30MacCHOCTH;
JI4- nmposiBneHMe U JIGMOHCTpAlus YBaXKEHHS K MPEACTABUTENSIM  Pa3IUYHBIX
ATHOKYJBTYPHBIX, COITHAIbHBIX, KOHPECCHOHATBHBIX U WHBIX TPYIIIL;
JIS- compuyacTHOCTh K COXpPaHEHHUIO0, NPEYMHOXEHUI0O U TPAHCISALIUU KYJIbTYPHBIX
TpaJuLMI U HEHHOCTEN MHOTOHALIMOHAJIBHOIO POCCUMCKOr0 rOCyAapCTBa.
JI6- chopMHUPOBAHHOCTh HAYYHOTO MHPOBO33PEHHUS, COOTBETCTBYIOIIETO COBPEMEHHOMY
YPOBHIO Pa3BUTHS aCTPOHOMUYECKON HAYKU;
JI7- yCTOWUYMBBIN UHTEPEC K UCTOPHUH U TOCTHIKCHHUSIM B 00J1aCTH aCTPOHOMUMH,
JI8- ymeHHe aHamM3UpOBATH MOCIEICTBHS OCBOCHUS KOCMHUYECKOTO MPOCTPAHCTBA IS
KU3HU U JIEATEIIbHOCTH YEJIOBEKA;

MeTanpeIMeTHbIX:
M1-ymeHue ucnosib30BaTh MPHU BHIMOJHEHUN MTPAKTUUECKUX 3aJaHUI 0 aCTPOHOMUU TaKUE
MBICITUTENbHBIE ONEPalluY, KaK MOCTAaHOBKA 3a/1a4H, (OpPMYIMpPOBaHUE TUIIOTE3, aHATHU3 U
CHHTE3, CpaBHEHUE, 0000I1IeHre, CHCTEMaTU3allls, BbISIBICHUE TPUUNHHO-CIIEICTBEHHBIX
CBSI3€H, MOMCK aHAJIOTOB, (POPMYIMPOBAHUE BHIBOJOB JIJIsl U3yUEHUS PA3IIUNYHBIX CTOPOH
ACTPOHOMUYECKHUX SIBIICHUH, TIPOIIECCOB, C KOTOPBIMU BO3HUKAET HEOOXOAMMOCTh
CTAJIKMBATHCS B MPOPECCHOHATBHOU cdepe;
M2- BnazieHue HaBbIKaMH MO3HABATEIbHOM JESITEIbHOCTH, HABBIKAMH Pa3pelIECHUs
po06JieM, BO3HUKAIOIINX MPHU BHIMOJTHEHUN TPAKTUUECKUX 3aaHHi;
M3- ymeHue ucnoib30BaTh Pa3aInyHble HCTOYHHUKH IO ACTPOHOMUHU IS ITOJTYYEHUS
JOCTOBEPHON HayYHOU MHPOPMAIUHU, YMEHHUE OIEHUTh €€ JOCTOBEPHOCTH;
M4- BnageHue 3bIKOBBIMH CPEACTBAMU: YMEHHUE SCHO, JIOTUYHO U TOYHO U3JIaraTh CBOKO
TOYKY 3pEHUS MO PAa3IMYHBIM BOIPOCAM aCTPOHOMHUH, UCTIONb30BAThH S3BIKOBBIE CPEICTBA,
aJIeKBaTHBIC 00CYKIaeMOi MPoOIeMe aCTPOHOMHYECKOTO XapaKTepa, BKIIoUast
COCTaBJICHHE TEKCTA U MPE3CHTAIUN MaTePUaIOB C UCIOIb30BaHUEM MH(GOPMAITMOHHBIX U
KOMMYHUKAIIMOHHBIX TEXHOJOTHU;

npeJIMeTHbIX:
I11- chopMupoBaHHOCTH MpeCTaBICHHM 0 cTpoeHUH COIHEYHOM CUCTEMBI, YBOJIOIIIH
3Be3]] 1 BceneHHoii, mpoCTpaHCTBEHHO-BpEMEHHBIX MaciTabax BeeneHHol;
I12- noHrMaHue CyITHOCTH HaOI01aeMbIX BO BeeneHHoi sBreHuil;
I13- BraneHne OCHOBOIIOIATAOIIMMHI aCTPOHOMUYECKUMHU MMOHATUIMU, TEOPUSAMH,
3aKOHAMU U 3aKOHOMEPHOCTSAMH, YBEPEHHOE T0JIb30BAaHNE ACTPOHOMUYECKOMN
TEPMUHOJIOTUEN U CUMBOJIUKOM;
I14- chopMupOBaHHOCTH MPEICTABICHHUA O 3HAYCHUN aCTPOHOMMH B MPAKTUYECKOM
NEeSATEIbHOCTH YETIOBEKA U JaTbHEHIIIEM HAyUYHO-TEXHUUECKOM Pa3BUTHH;
II5- oco3HaHue poau OTEYECTBEHHON HAyKH B OCBOEHHUH M UCIIOJIb30BaHUN KOCMUYECKOTO
MIPOCTPAHCTBA U PA3BUTUHU MEKIYHAPOIHOTO COTPYAHUUECTBA B 3TOM 00IaCTH.



2. OHIEHKA OCBOEHUS YMEHWHN Y BHAHUM

OCHOBHOHM II€JIbI0 OIICHKHM TEOpEeTHYeCcKoro Kypca ydeOHoi mucuurmiiuabl OY (.08 AcTtpoHOMHS W TMOATBEP)KICHHE COOTBETCTBHS I10

npodeccun 54.01.20 I'paduueckuii qu3aiiHep SBISETCS OLIEHKA YMEHHUH U 3HAHUH.
OreHKa OCBOCHHSI YMEHHI W 3HAHUHW y4eOHOM JUCIMIUIMHBI OCYIIECTBIISETCS Ha OCHOBE CIICIYIONTNX TMOKa3aTeNel OIICHKU pe3yibTaTa:
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KJIa,
JOCTUKEHUSIM B 00JIaCTH aCTPOHOMUMU; ypoBHeM  BeinojHeHus | HAYKAMMUM AoKIan,
6OTEL: acce,
V3 - ymMeHue aHanu3HpOBaTh MOCHEACTBUsA | PAOOTHL S —
OCBOEHHUS KOCMHUYECKOTO IMPOCTPAHCTBA IJIA paboTa BBINONHEHa,; Teer n(;
JKU3HU U JICITEILHOCTH YEI0BEKA; paboTa BBINOJNHEHA, HO Tene
Y6- yMeHHEe UCNOJb30BaTh pa3jinyHbIe | © OLIMOKaMH; I aijq
HWCTOYHUKHU IO aCTPOHOMMH I MOJYy4YECHUS paboTa He BBINOIHEHA. PE 6ota '
JIOCTOBEPHOM HAay4YHOH nHdopmauu, Pa60qa’51
YMEHHUE OLIEHUTH €€ JOCTOBEPHOCTD;
. TeTpaib,
V8- chopMUpOBaHHOCTH TPEACTABICHHUH O
. KOHTPOJIbHA
ctpoeHur COJIHEYHOW CHCTEMBI, HBOJIIOIUU 4 pabora
3B€31, W BceleHHo#l, NpOCTpaHCTBEHHO- p
BpPEMEHHBIX MaciiTabax BceneHHOM;
VY12- oco3HaHue poiau OTEYECTBEHHON HAyKH
B OCBOEHUU U UCIIOJIb30BAHUH KOCMUYECKOT O




MIPOCTPAHCTBA U PA3BUTHH MEXKIYHAPOTHOTO
COTPYJIHUYECTBA B 3TOW 00JIaCTH.

HCMO0Jb30BATh NPUOOpPETEHHbIC 3HAHUS M
yYMeHHs B IPAKTHYECKOH NeTeJJbHOCTH U
MOBCEeIHEBHOM 'KU3HHU:

JUIS IPAKTHUUECKUX pacueToB Mo (opmyiam,
BKIItOYast (DOpPMyJIbI, COIEpIKAIIUe CTEIEHH,
Jorapu@msl U TPUTOHOMETPHYECKHE
(GYyHKIMH, HUCHONB3YsI NMPU HEOOXOTUMOCTH
CIpaBOYHbIE MaTepuanbl U MpocTeifime
BBIYUCIIUTEIIbHBIE YCTPOICTBA

31 - 3HaueHHWEe MAaTeMaTUYECKOW HAYKW I
pelieHust 3a/1ay, BO3HUKAIOIIUX B TEOPUU U
MpaKTUKE; LIMPOTY U B TO KE BpeMsd
OTPaHUYEHHOCTh MIPUMEHEHUS
MaTEeMaTHYeCKUX METOJO0B K aHalu3y H
HCCIEAOBAHUIO TIPOLIECCOB M SIBIICHUM B
MPUPO/Ie U OOIIECTBE.

32 - 3HauY€HME MPAKTUKHM U BOIPOCOB,
BO3HUKAIOMIMX B CaMOW acCTPOHOMHUHU IJIs
(hopMUPOBaHUS U PA3BUTUS ACTPOHOMHUU KaK
HayKW; HWCTOPHUIO pA3BUTHUS AaCTPOHOMUH,
CO3J]aHUsl MaTEeMaTHYECKOM MOJIEIN Kak
ConHeyHOM CUCTEeMBI, TaKk M BcelenHoM, eé
BO3HUKHOBEHHUS U PA3BUTHS;

33 - yHUBEpPCAJIbHBIM XapakTep 3aKOHOB
JIOTUKHU (bU3UKO-MaTEMATUYECKUX
paccyXJeHUi, UX MPUMEHHMOCTh BO BCEX
00J1acTSX YeTOBEUECKOH IeITeIbHOCTH,;

34 - BEpOATHOCTHBIM XapakTep pa3IUYHBIX
MPOLIECCOB OKPYKAIOILIEro MUPA.

M1-8,

¥4 -  yMeHMEe  UCHONB30BaTh  IIpH
BBINIOJHEHUM NPAKTHYECKUX 3aJaHUi 10

Brinonnenue
CaMOCTOSITEIbHBIX/KOHT

INPAKTHUYEC
KHE

Huddepeniu
pOBAaHHBII




JI1-5

aCTPOHOMHUU TaKue MBICTTUTEIIbHbBIE
omepanu, Kak  I[IOCTaHOBKA  3aJayu,
dbopMynupoBaHue TU-TIOTE3, aHaJIU3 U
CHUHTE3, CpaBHEHHUE, 000011IeHHE,
CUCTeMAaTu3alusl, BBISIBJICHHE MPUYUHHO-
CJIEICTBEHHBIX CBsI3€i, IOUCK aHAaJOTOB,
(dbopMyMpoBaHHE BBIBOJIOB JJISI HM3yuYEHUS
pa3IMYHBIX ~ CTOPOH  ACTPOHOMMUYECKHX
SBIIGHUH,  MPOLIECCOB, C  KOTOpPBIMHU
BO3HHUKAET HEOOXOJUMOCTh CTAIKHBATHCS B
npodeccuoHabHOU chepe;

V5 - BrmageHHe HaBbIKAMU IO3HABATEIBHOU
NEeSTeIbHOCTH,  HaBBbIKAMU  pa3pelIeHus
mpo0JieM, BO3HHUKAIOMIMX IPU BHITIOJTHEHUH
MPAKTUYECKUX 3aJaHUI 110 aCTPOHOMUU;

VY6 - ymeHue ucrnosb30BaTh pa3andyHbie
HMCTOYHUKH T10 aCTPOHOMUU JJIS MOTYUYEHUS
JOCTOBEPHOM HAay4HOW MH(pOPMALIUH,
YMEHHUE OLIEHUTH €€ JOCTOBEPHOCTD;

VY7 - BnageHue A3bIKOBBIMU CPEICTBAMU:
YMEHUE SICHO, JIOTUYHO U TOYHO U3JlaraTh
CBOIO TOUKY 3PEHUS IO Pa3InYHbIM
BOIIPOCAM aCTPOHOMUH, UCTIOIB30BATh
SI3bIKOBBIE CPEJICTBA, aJICKBAaTHBIC
o0cyxmaemMoii mpobdieMe aCTpPOHOMHYECKOTO
XapakTepa, BKJII04as COCTaBJIEHHUE TEKCTa U
Mpe3eHTali MaTepPHaJIOB C
MCIOJIb30BaHNEM MH(GOPMAIIMOHHBIX U
KOMMYHHKAIIMOHHBIX TEXHOJIOTHIA;

HCMO0Jb30BATh NPHOOpPETeHHbIC 3HAHUA W
YMeHHsI B IPAKTHYECKON JAesITeJIbHOCTH U
NOBCEeTHEBHOM KM3HMU .

JUTsl IPAKTHYECKUX PacueToB Mo (opmysiam,

POJBHBIX/TIPAKTHYECKUX
pa0or.

B coorBerctBHM ¢
YPOBHEM  BBITIOJIHCHUS
paboTHI:

paboTa BBITIOJIHEHA;
paboTa BBITIOJHEHA, HO
C OIIMOKaMH;

paboTa He BBITIOJIHCHA.

OCHOBBI
ACTPOHOMMU
n

3a4eT




BKIIIOYass (hOpMyIibl, COAEprKallue CTENeHH,
KOpHH, Jorapu(Mbl ¥ TPUTOHOMETPUYECKHE
(GYHKIHMM, HCTONB3YsS MPH HEOOXOIUMOCTH
CIOpaBOYHbIE MaTepuandbl M OPOCTEUIINE
BBIUYHCIIUTENbHbIE YCTPOHCTBA

31 - 3HaueHHE MATEeMaTUYECKOW HAYyKH JJIs
pellieHns 3a/1a4y, BOSHUKAIONINX B TEOPUU U
MpaKkTUKE; IMIUPOTY U B TO K€ BpeMs
OTPaHUYEHHOCTH MIPUMEHECHUS
MaTeMaTUYeCKUX METOJ0B K aHalu3y W
HCCJIEIOBAaHUIO TMPOLIECCOB U SBJICHUH B
IpUPOJIE U OOIIECTBE.

32 - 3HAYEHUE TMPAKTUKU M BOIPOCOB,
BO3HHUKAIOIIMX B CAMOW aCTPOHOMHH Jif
(GbopMUpOBaHUS U PA3BUTHS ACTPOHOMHUU Kak
HayKd; HUCTOPUIO PA3BUTHUS ACTPOHOMHH,
CO3/IaHHS MaTeMaTU4YeCKOM MOJenu Kak
ConHeyHOM cucTeMbl, Tak U BceneHHoit, ¢
BO3HHUKHOBEHHUS U PA3BUTHS;

33 - yHUBEpCAIbHBIM XapakTep 3aKOHOB
JIOTUKH (bu3UKO-MaTeMaTUYECKUX
paccykJIeHU, WX NPUMEHHUMOCTb BO BCEX
00J1acTAX 4eJI0BEUECKOM 1eATeIbHOCTH;

34 - BEpOSATHOCTHBIN XapakTep pa3IudHbIX
MIPOLIECCOB OKPY’KAIOILIETO MUPA.

Y4 - yMeHHME  HUCMOJIb30BAaTh  IpHU
BBIITOJIHCHHUU HNPAKTHYICCKHUX SaI[aHI/Iﬁ 10
aCTPOHOMHUU Takue MBICTTUTEIIbHbBIE
omeparMy, Kak  [IOCTAaHOBKA  3aJ[ayH,
dbopMynupoBaHue TU-TIOTE3, aHaJIU3 U
CHUHTE3, CpaBHEHHUE, 000011IeHHE,
CUCTeMAaTu3alusl, BbIIBJICHHE MPUYUHHO-
CJICACTBCHHBIX CBHBGﬁ, IIOHUCK AaHaJIOT OB,
(dbopMyIMpoBaHHE BBIBOJIOB ISl HM3y4YEHUS

Bremonnenue
CaMOCTOSITEIbHBIX/KOHT
POJIBHBIX/TIPAKTUYECKHUX
pa0or.

B  coorBerctBUM < C
YPOBHEM  BBINIOJIHCHUS
paboTHI:

paboTa BBITIOJIHEHA;
paboTa BBINOJHEHA, HO

CTPOEHUE
COJIHEYHOM
CUCTEMBI

Huddepeniu
POBaHHBII
3a4€T




pa3IMYHBIX  CTOPOH  ACTPOHOMMYECKUX
SIBJICHU, IIPOLIECCOB, c KOTOPBIMU
BO3HHUKAET HEOOXOJUMOCTh CTAJIKMUBAThCS B
npogeccuoHanbHOU cdepe;

V5 - BmameHue HaBBIKAMH I1I03HABATEILHOU
ACATCIIbHOCTH, HaBbIKaMH Pa3pCIICHUA
npo06sieM, BO3HHMKAIOUIMX IPU BHIIOIHEHUH
MPaKTUYECKUX 3a/IaHHH 110 aCTPOHOMUU;

VY6 - yMeHue ucrnoJib30BaTh pa3anyHbIe
VCTOYHUKHU [0 ACTPOHOMUHU TS TIOTYUYCHUS
JIOCTOBEPHOM Hay4YHOU WH(MOpMAINH,
yMEHHE OLIEHUTh €€ JOCTOBEPHOCTH;

V7 - B1ageHue sI3bIKOBBIMU CPEACTBAMM:
yMEHHE SICHO, JIOTUYHO U TOYHO U3JIarath
CBOIO TOYKY 3PEHHUS MO Pa3INuHbIM
BOIIPOCaM aCTPOHOMUHU, HCTIOIb30BATh
SA3BIKOBBIC CPCACTBA, AJICKBATHLIC
o0cyxaaemMoi mpodiieMe aCTPOHOMUYECKOTO
XapakTepa, BKI0Yasi COCTaBJICHUE TEKCTa U
MPE3EHTALIMY MaTePUaIOB C
HUCITIOJIB30BaHUEM HH(bOpMaHHOHHBIX )41
KOMMYHHKAIIUOHHBIX TGXHOHOFHﬁ;

HCMOJIb30BATH NMPHOOpPETeHHbIe 3HAHUS
YMEHHsI B IPAKTHYECKOI JesITeJIbHOCTH U
NOBCEeIHEBHOH KU3HHU.

JUTSE TIPAaKTHYECKUX PacueToB 1o (opmymam,
BKJTIOYast (hOPMYJIbI, COAEPIKAINE CTEICHH,
KOpHH, Jorapu(Mbl ¥ TPUTOHOMETPUYECKHE
(yHKIMM, HCTONB3Ys MPH HEOOXOIUMOCTH
CIPaBOYHBIE MaTepUalbl W MpOCTeiIme
BBIYMCIIUTEIIbHBIC YCTPOMCTBA

31 - 3HaueHHE MATEeMaTUYECKOW HAYyKH JJIs
perieHusl 3a/1ad, BOZHUKAIONUX B TEOPUH H

¢ OIIMOKaMHu;
paboTa HE BBITIOJTHEHA.




MpaKTUKE; LIMPOTY U B TO XKE BpeMsd
OTPaHUYEHHOCTh MIPUMEHEHUS
MaTEeMaTHYeCKUX METOJO0B K aHalu3y H
HCCIEAOBAHUIO TIPOLIECCOB M SIBIICHUM B
MPUPO/Ie U OOIIECTBE.

32 - 3HaUYEHME MPAKTUKH U BOIPOCOB,
BO3HUKAIOIIMX B CaMOW acCTPOHOMHUHU JJIs
(hopMUPOBaHUS U PA3BUTUS ACTPOHOMHUU KaK
HayKd; HWCTOPHUIO pa3BUTHA ACTPOHOMMUH,
CO3JaHUsl MaTEeMaTHYECKOM MOJIEIN Kak
ConHeyHOM CcUCTEeMBI, TaKk B BcelenHoM, eé
BO3HUKHOBEHHUS U PA3BUTHS;

33 - yHUBEpPCAIbHBIM XapakTep 3aKOHOB
JIOTUKHU (bU3UKO-MaTEMAaTHYECKUX
paccyXJeHUui, UX MPUMEHUMOCTb BO BCEX
00JacTsX YeJI0BEUECKOM NeATeIHbHOCTH;

34 - BEpOATHOCTHBIM XapakTep pa3IUYHBIX
IIPOLIECCOB OKPYIKAIOLIETO MUPA.

¥4 -  yMeHMEe  UCHONB30BaTh  IIpH
BBITIOJITHCHUHM TPAKTHUECKUX 3aJaHUul 10
aCTpOHOMI/II/I TAKHUC MBICIIUTCIIBHBIC
omepanuy, Kak  IIOCTaHOBKA  3aJayH,
dbopMylIUpoBaHHE THU-TIOTE3, aHAIN3 U
CHHTE3, CpaBHEHHUE, 0000111IcHHE,
cucreMaTru3anusi, BBISIBJICHHUC HpI/I‘-II/IHHO-
CICACTBEHHBIX CBS3CH, IIOMCK aHAJOrOB,
(GbopMyJIUpOBaHKWE BHIBOJIOB JJIsl H3yYCHUS
pa3IMYHBIX ~ CTOPOH  aCTPOHOMMYECKHX
SIBJICHU, IIPOLIECCOB, c KOTOPBLIMU
BO3HHUKAeT HEOOXOJMMOCTh CTaJIKHUBAThCS B
npogeccuoHanbHOU cdepe;

V5 - BimameHue HaBBIKAMH ITI03HABATEILHOU
ACATCIIBbHOCTH, HaBbIKAMHA pa3pemeHH;1
mpo0JieM, BO3HUKAIONIMX NPH BHITOJHCHUH

Brinosnnenue
CaMOCTOSITENTbHBIX/KOHT
POJBHBIX/TIPAKTHYECKUX
pabor.

B  coorBerctBHM ¢
YPOBHEM  BBINIOJIHEHHUS
paloThI:

paboTa BHITIOJIHCHA,
paboTa BBHITIOTHEHA, HO
¢ OIIMOKaMHU;

paboTa He BHINIOIHEHA.

3AKOHBI
ABU/KEHUSA
HEBECHBIX
TEJ

Huddepeniu
pOBaHHBII
3a4€T




MPAKTUYECKHX 3a/1aHUH 110 ACTPOHOMUM;
VY6 - yMeHUe UCTIOIb30BaTh Pa3InYHbIE
HCTOYHUKH 110 ACTPOHOMMHM ISl TOTYYEHUS
JOCTOBEPHOM HAay4YHOW MH(pOpPMALIUH,
YMEHHE OLIEHUTH €€ JOCTOBEPHOCTH;

VY7 - BnageHue A3bIKOBBIMU CPEICTBAMU:
YMEHHE SICHO, JIOTUYHO U TOYHO U3JIararb
CBOIO TOYKY 3PEHHUS 10 pa3IN4HbIM
BOIIPOCaM aCTPOHOMUH, UCIIOJIb30BAaTh
A3BIKOBBIE CPE/ICTBA, a/ICKBaTHbIE
o0cyxmaemMoii mpobdieMe aCTpPOHOMHYECKOTO
XapakTepa, BKJIoUasi COCTaBICHUE TEKCTA U
IIPE3EeHTAlM MaTEPUAJIOB C
UCIOJIb30BaHNEM UH()OPMAIIIOHHBIX U
KOMMYHUKAI[MOHHBIX TEXHOJIOTUH;

HCNOJIb30BaTh NMpHOOpeTeHHbIe 3HAHUS H
YMeHHS B NIPAKTHYECKOH AesTeJIbHOCTH U
MOBCEAHEBHOM KM3HU:

JUIS IPaKTHYECKUX pacueToB Mo (opmyiam,
BKJIIOYast (pOpMyJibl, cojepiKallfe CTEleHH,
KOpHH, Jorapu(mbl ¥ TPUTOHOMETPUYECKHE
(GYyHKIMH, HCHONB3Ysl NMPU HEOOXOTUMOCTH
CIpaBOYHbIE MaTepuanbl U MpocTeilime
BBIYUCIIUTENFHBIC YCTPOICTBA

31 - 3HaueHHWEe MAaTeMaTUYECKON HAYKW A
peleHust 3a/1a4, BOSHUKAIOIIUX B TEOPUU U
MpaKTUKE; LIMPOTY U B TO XKE BpeMsd
OrpaHUYEHHOCTh IPUMEHEHHS
MaTEeMaTHYeCKUX METOJOB K aHalu3y H
HCCIIEIOBAaHUIO IIPOLIECCOB U SIBICHUH B
MPUPO/IE U OOIIECTRE.

32 - 3Ha4YeHME MNPAKTUKHM U BOIPOCOB,
BO3HUKAIOIIMX B CaMOW acTpPOHOMHHU JUIs




(bopMHpOBaHUA U PA3BUTUSA ACTPOHOMHUH KaK
HayK{; HUCTOPHUIO pa3BUTHA ACTPOHOMMHH,
CO3MaHMA MAaTEMaTU4YECKOM MOJENH Kak
ConHeyHOM cuCTeMbl, Tak U BceneHHoi, ¢
BO3HHUKHOBCHHUS U PA3BUTHS;

33 - yHUBEpCAJIbHBIM XapakTep 3aKOHOB
JIOTUKH (GU3MKO-MaTEMAaTUIECKUX
paccy X aeHUM, UX MPUMEHHMOCTb BO BCEX
00J1aCTSIX 4eJI0BEYECKOMN EATEIbHOCTH;

34 - BEpOSATHOCTHBIN XapakTep pa3IudHbIX
IIPOLIECCOB OKPYIKAIOIIETO MUPA.

Y4 -  yMeHHE  HUCHOJIb30BAaTh  IpHU
BBIMIOJIHEHUHM TMPAKTUUECKUX 3aJaHUN 1O
aCTPOHOMUU TaKue MBICJIUTEIbHBIE
omepalnu, Kak  I[IOCTaHOBKA  3aJayu,
dbopMynupoBaHue THU-TIOTE3, aHaJIU3 U
CHUHTE3, CpaBHEHHUE, 000011IeHHE,
CUCTEMAaTH3alus, BBISBICHUE NPUYMHHO-
CJICICTBEHHBIX CBsI3€H, TIIOMCK aHAJIOTOB,
(dbopMynupoBaHHE BBIBOJIOB JJISi HM3yuUEHUS
pa3IMYHBIX ~ CTOPOH  ACTPOHOMMUYECKHX
SIBIICHU, MIPOIIECCOB, C  KOTOpBIMHU
BO3HHUKAET HEOOXOJUMOCTh CTAIIKHBATHCS B
npodeccuoHabHOU cdepe;

V5 - BrmageHHe HaBbIKAMU IO3HABATEIBHOU
NEeATEIbHOCTH,  HAaBBIKAMM  pa3pelleHus
mpo0JieM, BO3HHUKAIOMIMX IPU BHITIOJTHECHUH
MIPAKTUYECKUX 3aJaHUH 110 aCTPOHOMUUY;

VY6 - ymMmeHue ucrnosib30BaTh pa3anyHbie
HMCTOYHUKH T10 aCTPOHOMUU JJIS MOTYUYEHUS
JOCTOBEPHOM HAay4HOW MH(pOpPMALIUH,
YMEHHUE OLIEHUTH €€ JOCTOBEPHOCT;

VY7 - BlageHue A3bIKOBbIMU CPEICTBAMU:

Brinonnenue
CaMOCTOSTEIIbHBIX/KOHT
POJBHBIX/TIPAKTHYECKUX
pa0or.

B  coorBerctBMM ¢
YPOBHEM  BBINIOJIHCHUS
paboTHI:

paboTa BBIMIOJIHEHA;
paboTa BBITIOJHEHA, HO
C OIIMOKaMH;

paboTa He BBITIOJIHCHA.

IIPUPOJIA
TEJ
COJIHEYHOM
CUCTEMBI

Huddepentiu
POBaHHBII
3a4€T




YMEHHE SICHO, IOTHYHO U TOYHO HM3JIaraTh
CBOIO TOUKY 3PEHUS 110 Pa3THIHBIM
BOIIPOCaM acCTPOHOMHH, HCIIOITB30BATh
SI3BIKOBBIC CPE/ICTBA, aJICKBaTHBIC
o0cyxmaemMoii mpobdieMe aCTpPOHOMHYECKOTO
XapakTepa, BKIII0Yasi COCTaBIICHHE TEKCTa U
MPE3CHTAIA MaTEPUAIIOB C
UCTIOJIh30BaHNEM HH()OPMAIIHOHHBIX U
KOMMYHHKAIIUOHHBIX TeXHOHOFHﬁ;

HCI0JIL30BATH NMPUOOpPEeTeHHbIe 3HAHUA U
YMEHHsI B IPAKTHYECKOI JesiTeJIbHOCTH U
NOBCEIHEBHOH KU3HHU.

JUTSE TIPAaKTHYECKHUX PacueToB Mo (opmymam,
BKIIIOYas (hOpMyIibl, COAEpIKallue CTENeHH,
KOpHH, Jorapu(Mbl ¥ TPUTOHOMETPUYECKHE
(GYHKIHMM, HCTONB3YsS MPH HEOOXOIUMOCTH
CIPaBOYHBIE MaTepUalbl W MpOCTeiIme
BBIUHCIIUTENbHBIE YCTPONCTBA

31 - 3HaueHHE MATEeMaTUYECKOW HAYKH JIs
pellieHns 3a/1ady, BOSHUKAIONINX B TEOPUU U
MPAaKTUKE; IIHUPOTY U B TO IKE BpeMs
OTPaHUYEHHOCTh MPUMEHECHUS
MaTEMATHYECKUX METOJOB K aHamu3y W
HCCJIEIOBAaHUIO TMIPOLIECCOB U SBJICHUH B
IpUpOJIe U OOIIECTBE.

32 - 3HAYEHUE MPAKTUKU U BOIPOCOB,
BOZHUKAIOIIMNX B CaMOW aCTPOHOMHUHU IS
(hopMUPOBaHUS U PA3BUTUS ACTPOHOMHUU KaK
HayK{; HWCTOPHUIO pa3BUTHUA AaCTPOHOMMUH,
CO3/IaHUS MATEMaTUYECKOW MOJENH Kak
ConHeyHOM CcUCTEeMBI, Tak W BcelenHoM, eé
BO3HUKHOBEHHUS U PA3BUTHS;

33 - yHUMBEpPCAJIbHBIM XapakTep 3aKOHOB




JIOTHKHU (U3MKO-MaTEMAaTUIYECKUX
paccy X IeHUi, UX MPUMEHHMOCTb BO BCEX
00J1aCTSX 4eJI0BEYECKOMN AEATEIbHOCTH;

34 - BEpOSATHOCTHBIN XapakTep pa3Iu4HbIX
IIPOLIECCOB OKPYXKAIOIIET0 MUpA.

Vi - chopMHUpOBaTH Hay4YHOE
MHUPOBO33pEHUE, COOTBETCTBYIOIIIEE
COBPEMEHHOMY YPOBHIO pa3BUTHS

ACTPOHOMUYECKOHN HAYKU;

VY2 - ycTOMYMBBIN UHTEPEC K UCTOPUU U
JOCTUKEHUSIM B 00JIaCTH aCTPOHOMUU;

V3 - yMmMeHue aHaau3upoBaTh MOCIEICTBUSA
OCBOEHHUSI KOCMHYECKOTO MPOCTPAHCTBA AJIS
KHU3HU U IeATEIbHOCTH YeJIOBEKa;

Y6- yMmeHHe UCHOJB30BAaTh pa3IM4YHbIC
MCTOYHUKU MO aCTPOHOMMH [Tl MOTYUYECHHUS
JIOCTOBEPHOM Hay4HOU UHpOpMaLNH,
YMEHHE OLEHUTh €€ JOCTOBEPHOCTH;

V8- chopMHUPOBAHHOCTH TPEACTABICHUN O
ctpoeHur COJIHEUHOW CHCTEMBI, HBOJIOLUHU
3Be31] U BceneHHOH, NIPOCTPaHCTBEHHO-
BpEMEHHBIX MaciTabax BceeneHHoii;

V12- oco3HaHuE posiv OTEUECTBEHHOW HAYyKU
B OCBOEHHUU U UCHOJIb30BaHUU KOCMUUYECKOTO
MPOCTPAHCTBA U PA3BUTUU MEXKITYHAPOIHOTO
COTPYAHHUYECTBA B 3TOH 001acTH.

HCMOJb30BATH NMPHOOPETeHHbIe 3HAHUS
YMeHHSl B NPAKTHYECKOH /1eATeJTbHOCTH U
NOBCEIHEBHOH KU3HHU.

JUISL TIPAKTHUYECKUX PacdyeToB MO (opmyIiam,
BKJTIOYast (hOPMYJIbI, COAEPIKAIUE CTEICHH,
sorapupmbl 51 TPUTOHOMETPHUYECKHUE

Brinonnenue
CaMOCTOSTEIIbHBIX/KOHT
POJBHBIX/TIPAKTHYECKUX
pa0or.

B  cootBerctBMM ¢
YPOBHEM  BBITIOJIHCHUS
paboTHI:

paboTa BBITIOJIHEHA;
paboTa BBITIOJHEHA, HO
C OIIMOKaMH;

paboTa He BBITIOJIHCHA.

COJIHIIE
3BE3JIbI

14|

Huddepeniu
POBaHHBII
3a4€T




(GYHKIHMM, HCTONB3YsS MPH HEOOXOIUMOCTH
CIOpaBOYHbIE MaTepuandbl M MPOCTEUIINE
BBIUYHCIIUTENbHbIE YCTPONCTBA

31 - 3HaueHHE MATEeMaTUYECKOW HAYKH JIs
pellieHns 3a/1a4y, BOSHUKAIONINX B TEOPUU U
MpaKkTUKEe; IMIUPOTY U B TO K€ BpeMs
OTPaHUYEHHOCTH MPUMEHECHUS
MaTeMaTUYeCKUX METOJ0B K aHalu3y W
UCCJIEIOBAaHUIO TMIPOLIECCOB U SBJIEHUH B
IpUpOJIE U OOIIECTBE.

32 - 3HAYEHUE TMPAKTUKU U BOIPOCOB,
BO3HHUKAIOIIMX B CAMOW AaCTPOHOMHH Jif
(dbopMUpOBaHUS U PA3BUTHS aCTPOHOMHUU Kak
HayKd; HUCTOPUIO PA3BUTHUS ACTPOHOMHH,
CO3/IaHHS MaTeMaTU4YeCKOM MOJenu Kak
ConHeyHOM cucTeMbl, Tak U BceneHHoit, e
BO3HHUKHOBEHHUS U Pa3BUTHS;

33 - yHUBEpCAJIbHBIM XapakTep 3aKOHOB
JIOTUKH (bu3UKO-MaTEMaTUYECKUX
paccykJIeHU, UX NPUMEHUMOCTb BO BCEX
00J1acTAX 4eJI0BEUECKOH 1eATeIbHOCTH;

34 - BEpOSATHOCTHBIN XapakTep pa3Iu4HbIX
MPOLIECCOB OKPY’KAIOILIETO MUPA.

Vi - chopMHUpOBaTH Hay4YHOE
MHUPOBO33pEHUE, COOTBETCTBYIOIIIEE
COBPEMEHHOMY YPOBHIO pa3BUTHS

ACTPOHOMUYECKOHN HAYKU;

VY2 - yCTOWYMBBIN UHTEPEC K UCTOPUU U
JOCTUKEHUSIM B 00JIaCTH aCTPOHOMUU;

VY3 - yMmMeHue aHaau3upoBaTh MOCIEICTBUSA
OCBOEHHUSI KOCMHYECKOTO MPOCTPAHCTBA AJIS
YKU3HU U IeATEIbHOCTH YEJI0BEKA;

Y6- yMmeHHMEe UCHOJB30BaTh pa3IM4YHbIC
VMCTOYHHUKH 10 aCTPOHOMHH ISl MOJTYYEHHUs

Brinonnenue
CaMOCTOSTEIIbHBIX/KOHT
POJBHBIX/TIPAKTHYECKUX
pa0or.

B  coorBerctBMM ¢
YPOBHEM  BBINIOJIHCHUS
paboTHI:

paboTa BBITIOJIHEHA;
paboTa BBITMIOJHEHA, HO
C OIIMOKaMH;

paboTa He BBITIOJIHECHA.

CTPOEHME M
3BOJIIONMS
BCEJIEHHOI1

Huddepentiu
POBaHHBII
3a4€T




JIOCTOBEPHOM HAay4YHOH nH(dopmaIuu,
YMEHHE OLIEHUTh €€ JOCTOBEPHOCTH;

V8- chopMHUpOBaHHOCTH TPEACTABICHHUH O
cTpoeHur COJHEYHOH CHUCTEMBI, 3BOJIOLUN
3B€31, M BceineHHo#l, NpOCTpaHCTBEHHO-
BpPEMEHHBIX MaciiTabax BceneHHOM;

VY12- oco3HaHue poiau OTEYECTBEHHON HAyKH
B OCBOEHUU U UCIIOJIB30BAHUH KOCMUYECKOTO
MIPOCTPAHCTBA U PA3BUTUU MEXKIAYHAPOIHOTO
COTPYJIHUYECTBA B 3TOW 00JIaCTH.

HCMOJb30BATh NPHOOPETeHHbIC 3HAHUS M
YMeHHs B IPAKTHYECKOH NeTeJIbHOCTH U
MOBCEeIHCBHOM 'KU3HHU:

JUIS IPaKTHYECKUX pacueToB Mo (opmysam,
BKIItOYast (hOpMyJIbI, COIEpIKAIIUe CTEIEHH,
sorapu@msl U TPUTOHOMETPHYECKHE
(GYyHKIMH, HCHONB3Ys] NMPU HEOOXOTUMOCTH
CIpaBOYHbIE MaTepuanbl U MpocTeilime
BBIYUCIIUTEIIbHBIE YCTPOICTBA

31 - 3HaueHHWEe MAaTeMaTUYECKOW HAYKW I
pelieHust 3a/1ay, BO3HUKAIOIUX B TEOPUU U
MpaKTUKE; LIMPOTY U B TO KE BpeMsd
OTPaHUYEHHOCTh MIPUMEHEHUS
MaTEeMaTHYeCKUX METOJOB K aHalu3y H
WCCIIEOBAHUIO TIPOLIECCOB M SIBIIGHUM B
MPUPO/IE U OOIIECTBE.

32 - 3HauYeHME MNPAKTUKHM U BOIPOCOB,
BO3HUKAIOMIMX B CaMOW acCTPOHOMHUHU JJIs
(GhOopMUPOBaHUS U PA3BUTUS ACTPOHOMHUU KaK
HayKd; HWCTOPHUIO pa3BUTHA AaCTPOHOMMUH,
CO3JaHUsl MaTEMaTHYECKOM MOJEIN Kak
ConHeyHOM CUCTEeMBI, TaKk W BcelenHoM, eé
BO3HUKHOBEHHUS U PA3BUTHS;

33 - YyHUMBEpPCAJIbHBIM XapakTep 3aKOHOB




JIOTHKHU (U3MKO-MaTEMAaTUIYECKUX
paccy X IeHUi, UX MPUMEHHMOCTb BO BCEX
00J1aCTSX 4eJI0BEYECKOMN AEATEIbHOCTH;

34 - BEpOSATHOCTHBIN XapakTep pa3Iu4HbIX
IIPOLIECCOB OKPYXKAIOIIET0 MUpA.

Vi - chopMHUpOBaTH Hay4YHOE
MHUPOBO33pEHUE, COOTBETCTBYIOIIIEE
COBPEMEHHOMY YPOBHIO pa3BUTHS

ACTPOHOMUYECKOHN HAYKU;

VY2 - ycTOMYMBBIN UHTEPEC K UCTOPUU U
JOCTUKEHUSIM B 00JIaCTH aCTPOHOMUU;

V3 - yMmMeHue aHaau3upoBaTh MOCIEICTBUSA
OCBOEHHUSI KOCMHYECKOTO MPOCTPAHCTBA AJIS
KHU3HU U IeATEIbHOCTH YeJIOBEKa;

Y6- yMmeHHe UCHOJB30BAaTh pa3IM4YHbIC
MCTOYHUKU MO aCTPOHOMMH [Tl MOTYUYECHHUS
JIOCTOBEPHOM Hay4HOU UHpOpMaLNH,
yMEHHE OLIEHUTh €€ JOCTOBEPHOCTH;

V8- chopMHUPOBAHHOCTH TPEACTABICHUN O
ctpoeHur COJIHEUHOW CHCTEMBI, HBOJIOLUU
3B€31 U BceneHHOH, NIPOCTPaHCTBEHHO-
BpEMEHHBIX MaciTabax BceeneHHoii;

V12- oco3HaHuE posiv OTEUECTBEHHOW HAYyKU
B OCBOEHHUU U UCHOJIb30BaHUU KOCMUUYECKOTO
MPOCTPAHCTBA U PA3BUTUU MEXKIAYHAPOJIHOTO
COTPYAHHUYECTBA B 3TOH 001acTH.

HCMOJb30BATH NMPHOOPETeHHbIe 3HAHUS
YMeHHSl B NPAKTHYECKOH /1eATeJTbHOCTH U
NOBCEIHEBHOH KU3HHU.

JUISL TIPAKTHUYECKUX PacdyeToB MO (opmyIiam,
BKJTIOYast (hOPMYJIbI, COAEPIKAIUE CTEICHH,
sorapupmbl 51 TPUTOHOMETPUYECKHUE

Brinonnenue
CaMOCTOSTEIIbHBIX/KOHT
POJBHBIX/TIPAKTHYECKUX
pa0or.

B  cootBerctBMM ¢
YPOBHEM  BBITIOJIHCHUS
paboTHI:

paboTa BBITIOJIHEHA;
paboTa BBITIOJHEHA, HO
C OIIMOKaMH;

paboTa He BBITIOJIHECHA.

HAILIA
TAJIAKTHKA _
MJIEYHBII
nyYTh

Huddepeniu
POBaHHBII
3a4€T




(GYHKIHMM, HCTONB3YsS MPH HEOOXOIUMOCTH
CIOpaBOYHbIE MaTepuandbl M MPOCTEUIINE
BBIUYHCIIUTENbHbIE YCTPONCTBA

31 - 3HaueHHE MATEeMaTUYECKOW HAYKH JIs
pellieHns 3a/1a4y, BOSHUKAIONINX B TEOPUU U
MpaKkTUKEe; IMIUPOTY U B TO K€ BpeMs
OTPaHUYEHHOCTH MPUMEHECHUS
MaTeMaTUYeCKUX METOJ0B K aHalu3y W
UCCJIEIOBAaHUIO TMIPOLIECCOB U SBJIEHUH B
IpUpOJIE U OOIIECTBE.

32 - 3HAYEHUE TMPAKTUKU U BOIPOCOB,
BO3HHUKAIOIIMX B CAMOW AaCTPOHOMHH Jif
(dbopMUpOBaHUS U PA3BUTHS aCTPOHOMUU Kak
HayKd; HUCTOPUIO PAa3BUTHUS ACTPOHOMHH,
CO3/IaHHS MaTeMaTU4YeCKOM MOJenu Kak
ConHeyHOM cucTeMbl, Tak U BceneHHoi, ¢
BO3HHUKHOBEHHUS U Pa3BUTHS;

33 - yHUBEpCAJIbHBIM XapakTep 3aKOHOB
JIOTUKH (bu3UKO-MaTEMaTUYECKUX
paccykJIeHU, UX NPUMEHHUMOCTb BO BCEX
00J1acTAX 4eJI0BEUECKOH 1eATeIbHOCTH;

34 - BEpOSATHOCTHBIN XapakTep pa3Iu4HbIX
MPOLIECCOB OKPY’KAIOILIETO MUPA.

Vi - chopMHUpOBaTH Hay4YHOE
MHUPOBO33pEHUE, COOTBETCTBYIOIIIEE
COBPEMEHHOMY YPOBHIO pa3BUTHS

ACTPOHOMUYECKOHN HAYKU;

VY2 - yCTOWYMBBIN UHTEPEC K UCTOPUU U
JOCTUKEHUSIM B 00JIaCTH aCTPOHOMUU;

V3 - yMmMeHue aHajau3upoBaTh MOCIEICTBUSA
OCBOEHHUSI KOCMHYECKOTO MPOCTPAHCTBA AJIS
KU3HU U IEATEIbHOCTH YEJI0BEKA;

Y6- yMmeHHMEe UCHOJB30BaTh pa3IM4YHbIC
VMCTOYHHUKH 10 aCTPOHOMHH ISl MOJTYYEHHUs

Brinonnenue
CaMOCTOSTEIIbHBIX/KOHT
POJBHBIX/TIPAKTHYECKUX
pa0or.

B  coorBerctBMM ¢
YPOBHEM  BBINIOJIHCHUS
paboTHI:

paboTa BBITIOJIHEHA;
paboTa BBITMIOJHEHA, HO
C OIIMOKaMH;

paboTa He BBITIOJIHECHA.

CTPOEHME U
3BOJIIOLUS
BCEJIEHHOM

Huddepentiu
POBaHHBII
3a4€T




JIOCTOBEPHOM HAay4YHOH nHdopmauu,
YMEHHE OLIEHUTh €€ JOCTOBEPHOCTH;

V8- chopMHUpOBAaHHOCTH TPEACTABICHHUN O
cTpoeHur COJHEYHOH CHUCTEMBI, 3BOJIOLUN
3B€31, M BceineHHo#l, NpOCTpaHCTBEHHO-
BpPEMEHHBIX MaciiTabax BceneHHOM;

VY12- oco3HaHue poiau OTEYECTBEHHON HAyKH
B OCBOEHUU U UCIIOJIb30BAHUH KOCMUYECKOTO
MIPOCTPAHCTBA U PA3BUTUU MEXKIAYHAPOIHOTO
COTPYJIHUYECTBA B 3TON 00JIACTH.

HCMOJb30BATh NPHOOPETeHHbIC 3HAHUS M
YMeHHs B IPAKTHYECKOH NeTeJIbHOCTH U
MOBCEeIHCBHOM 'KU3HHU:

JUIS IPaKTHYECKUX pacueToB Mo (opmysam,
BKIItOYast (hOpPMyIIbI, COAEpIKAIIUe CTENEHH,
sorapu@msl U TPUTOHOMETPHYECKHE
(GYyHKIMH, HCHONB3Ys] NMPU HEOOXOTUMOCTH
CIpaBOYHbIE MaTepuanbl U MpocTeilime
BBIYUCIIUTENIbHBIE YCTPOICTBA

31 - 3HaueHHWE MAaTeMaTUYECKON HAYKW MJIA
pelieHust 3a/1ay, BO3HUKAIOIIUX B TEOPUU U
MpaKTUKE; IIMPOTY U B TO XKE BpeMsd
OTPaHUYEHHOCTh MIPUMEHEHUS
MaTEeMaTHYeCKUX METOJO0B K aHalu3y H
HCCIEAOBAHUIO TIPOLIECCOB M SIBIICHUM B
MPUPO/JIe U OOIIECTBE.

32 - 3Ha4YeHME MPAKTUKH U BOIPOCOB,
BO3HUKAIOMIMX B CaMOW acCTPOHOMHUHU IJIs
(GhOopMUPOBaHUS U PA3BUTUS ACTPOHOMHUU KaK
HayK{; HWCTOPHUIO pa3BUTHA ACTPOHOMMUH,
CO3J]aHUsl MaTEeMaTHYECKOM MOJEIN Kak
ConHeyHOM cUCTEeMBI, TaKk B BcemenHow, eé
BO3HUKHOBEHHUS U PA3BUTHS;

33 - YyHUMBEpPCAJIbHBIM XapakTep 3aKOHOB




JIOTHKHU (U3MKO-MaTEMAaTUIYECKUX
paccy X IeHUi, UX MPUMEHHMOCTb BO BCEX
00J1aCTSX 4eJI0BEYECKOMN AEATEIbHOCTH;

34 - BEpOSATHOCTHBIN XapakTep pa3Iu4HbIX
IIPOLIECCOB OKPYXKAIOIIET0 MUpA.

Vi - chopMHUpOBaTH Hay4YHOE
MHUPOBO33pEHUE, COOTBETCTBYIOIIIEE
COBPEMEHHOMY YPOBHIO pa3BUTHS

ACTPOHOMUYECKOHN HAYKU;

VY2 - ycTOMYMBBIN UHTEPEC K UCTOPUU U
JOCTUKEHUSIM B 00JIaCTH aCTPOHOMUU;

V3 - yMmMeHue aHaau3upoBaTh MOCIEICTBUSA
OCBOEHHUSI KOCMHYECKOTO MPOCTPAHCTBA AJIS
KHU3HU U IeATEIbHOCTH YeJIOBEKa;

Y6- yMmeHHe UCHOJB30BAaTh pa3IM4YHbIC
MCTOYHUKU MO aCTPOHOMMH [Tl MOTYUYECHHUS
JIOCTOBEPHOM Hay4HOU UHpOpMaLNH,
yMEHHE OLIEHUTh €€ JOCTOBEPHOCTH;

V8- chopMHUPOBAHHOCTH TPEACTABICHUN O
ctpoeHur COJIHEUHOW CHCTEMBI, HBOJIOLUU
3B€31 U BceneHHOH, NIPOCTPaHCTBEHHO-
BpEMEHHBIX MaciTabax BceeneHHoii;

V12- oco3HaHuE posiv OTEUECTBEHHOW HAYyKU
B OCBOEHHUU U UCHOJIb30BaHUU KOCMUUYECKOTO
MPOCTPAHCTBA U PA3BUTUU MEXKIAYHAPOIHOTO
COTPYAHHUYECTBA B 3TOH 001acTH.

HCMOJb30BATH NMPHOOPETeHHbIe 3HAHUS
YMeHHSl B NPAKTHYECKOH /1eATeJTbHOCTH U
NOBCEIHEBHOH KU3HHU.

JUISL TIPAKTHUYECKUX PacdyeToB MO (opmyIiam,
BKJTIOYast (hOPMYJIbI, COAEPIKAIUE CTEICHH,
sorapupmbl 51 TPUTOHOMETPUYECKHUE

Brinonnenue
CaMOCTOSTEIIbHBIX/KOHT
POJBHBIX/TIPAKTHUYECKUX
pa0or.

B  cootBerctBMM ¢
YPOBHEM  BBITIOJIHCHUS
paboTHI:

paboTa BBITIOJIHEHA;
paboTa BBITIOJHEHA, HO
C OIIMOKaMH;

paboTa He BBITIOJIHECHA.

PA3YM U
KHU3Hb BO
BCEJIEHHOM

Huddepeniu
POBaHHBII
3a4€T




(GYHKIHMM, HCTONB3YsS MPH HEOOXOIUMOCTH
CIOpaBOYHbIE MaTepuandbl M MPOCTEUIINE
BBIUYHCIIUTENbHbIE YCTPONCTBA

31 - 3HaueHHE MATEeMaTUYECKOW HAYKH JIs
pellieHns 3a/1a4y, BOSHUKAIONINX B TEOPUU U
MpaKkTUKEe; IMIUPOTY U B TO K€ BpeMs
OTPaHUYEHHOCTH MPUMEHECHUS
MaTeMaTUYeCKUX METOJ0B K aHalu3y W
UCCJIEIOBAaHUIO TMIPOLIECCOB U SBJIEHUH B
IpUpOJIE U OOIIECTBE.

32 - 3HAYEHUE TMPAKTUKU U BOIPOCOB,
BO3HHUKAIOIIMX B CAMOW AaCTPOHOMHH Jif
(dbopMUpOBaHUS U PA3BUTHS aCTPOHOMUU Kak
HayKd; HUCTOPUIO PAa3BUTHUS ACTPOHOMHH,
CO3/IaHHS MaTeMaTU4YeCKOM MOJenu Kak
ConHeyHOM cucTeMbl, Tak U BceneHHoi, ¢
BO3HHUKHOBEHHUS U Pa3BUTHS;

33 - yHUBEpCAJIbHBIM XapakTep 3aKOHOB
JIOTUKH (bu3UKO-MaTEMaTUYECKUX
paccykJIeHU, UX NPUMEHHUMOCTb BO BCEX
00J1acTAX 4eJI0BEUECKOH 1eATeIbHOCTH;

34 - BEpOSATHOCTHBIN XapakTep pa3Iu4HbIX
MPOLIECCOB OKPY’KAIOILIETO MUPA.




KoHTpoub 1 olleHKa 0CBOEHHS Y4eOHON TUCIUILUIMHBI 0 TeMaM (Pa3/ieiaM COrJIACHO TEMATHYECKOMY IJIaHYy)

J1eMeHT @DopMbI U METOAbI KOHTPOJIA

yueOHoii

AMCHUIINHBI Texyuuii KOHTPOJIb Py0exHbIi KOHTPOJIb IIpome:kyTOUHAs aTTeCTALUSA
DopMa KOHTPOJIA IIposepsiembie ¥Y,3 | ®opma IIpoBepsiemble dopma IIpoBepsiembie

KOHTPOJIA Y,3 KOHTPOJISA Y,3

Actponomusi eé | OnopHbIN KOHCIIEKT, 31,32,33,34

3HAYeHHe "

CBSI3b € APYTUMH

HAyKaMu

Pa3znenl KonTtponsHas pabora 31,32,33,34 Kontposnbnas 31,32,33,34

IIpakTHyeckue V8, Y9, V2, V5 paborta V8, V¥9,V2, V5

OCHOBBI

ACTPOHOMHUM

Tema 1.1. KonTtponpHas padora 31,32,33,34

IIpakTHyeckue

OCHOBBI

ACTPOHOMHUM

Pa3nen 2 CamocTtosTenpHas pabora 31,32,33,34

Crtpoenue Tea Vi1, VY2, V3,

CostHeuHOM

CHCTEMBbI

Tema 2.13akonbl | CamocTosiTenbHas pabota 31,32,33,34

JBHKEHUS V1, Y3,V4,V5

He0eCHBIX TeJl

Pa3znen 3 KonTtponsHas padora 31,32,33,34 Kontposnbnas 31,32,33,34

IMpupona Tea V1, Y9, V10, Y5 paborta V1, VY9, V10, V5

CoJutHeuHoOM

CHCTEMBbI

Tema 3.1. | KonTponbHas pabota 31,32,33,34

IMpupona Tea V1, Y9, V10, Y5

CoJutHeuHoOM

CHCTEMBbI

Paznen 4 CamocrosiTenpHas padbora 31,32,33,34

Coanue H V1,7

3BE3bI




Temad.1.Connne | CamocrosTenbHas padota 31,32,33,34

H 3B€31bI

Paznen 5 KontponbHas padota 31,32,33,34 KonTponbnas 31,32,33,34
Ctpoenne " V8,V¥9,V2, V5 pabora V8, V9, V2, VY5
IBOJIIOIHUS

BcenennHoi

Tema 5.1. KontponbHas padota 31,32,33,34

Hama V1,V2,V7,Y4, V12

I'anakTuka-

MuJie4yHblIii Iy Th

Tema 5.2.
Crtpoenue "
3BOJIIOIUA
Bceennoi

Pa3nen 6
Pazym u Xu3Hb
BO BcesrenHnoit

CamocTtosTenpHas padora

33,34
V1,V2,¥3,¥4,V12

Tema 6.1.
Pazym u Xu3Hb
B0 Bcesrennoit

CamocTtosTenpHas pabora

33,34
V1,V2,¥3,¥4, V12

Huddepentupo

BaHHBINA 3a4YET

31,32,33,34,
Y1-VI12







3.1. TunosBble 3a7aHUS 1JI OLIEHKH OCBOCHUS TUCHHUILINHEI
OY /.08 AcTponomust

Bunwl 3aganmii:

1. JTabopaTopHble/ipakTHUECKHE paboThl - 16 "acos.

2. KonrpomnbHbie paboThl — 4 yaca.

3 Pedepar, mokman coobimeHue, 3cce, BOMPOCH I YCTHOrO (MMCBMEHHOTO OmMpoca Io
TEME, pa3Jieny)

4. Dx3aMeH.

Paboueii mporpammoit yuebHoit aucuuruinael OY .08 AcTpoHOMHUS B TMOATBEP)KICHUE
cootBeTcTBUs 11 mpodeccun 54.01.20 mpemycmorpeHo 16 4acoB MpaKTHUECKUX 3aHATHI:

[TpakTruyeckoe 3anstue Nel. PaboTa ¢ mogBMXHOM 3BE3AHOM KapTOH.

[IpakTrueckoe 3ansitue No2. 3akonsl Kemiepa. Onpenenenue pacCTOSHUI U pa3MEpPOB TEN B
Conneunoii cucreme. ['Opu30HTANBHBIN NapalIakc.

[Tpaktrueckoe 3anstue Ne3. J[BmkeHHME HEOECHBIX TEN TMOJA JEHCTBUEM CHUJI TATOTCHUS.
Omnpenenenre MacChl HEOECHBIX Tell. J|BI)KEHUE HCKYCCTBEHHBIX CITyTHUKOB 3€MJIM U KOCMUYECKUX
anmaparoB B CosiHeuHOM cucTeMe. IcTopus pa3BUTHSI OT€UECTBEHHON KOCMOHABTUKH.

IIpakTnueckoe 3anarue Ne4. OnpeneneHue JIMHEHHBIX Pa3MEPOB COJITHEYHOTO MSTHA.

[TpakTrueckoe 3ausTue NoS5. 3Be3/bl: OCHOBHBIE (PU3HKO-XUMHYECKUE XaPAKTEPUCTHUKUA B MX
B3aUMOCBA3b. | ONMYHBIN NTapAJIIIAKC U PACCTOSHUA 10 3BE3/.

[IpakTrueckoe 3anstue Ne6. CBETUMOCTbD, CIIEKTP, IIBET U TEMIIEpATypa Pa3IUYHBIX KJIACCOB
3Be3. Dddext Jlormepa. [Juarpamma «CeKTp — CBETUMOCTBY («IIBET — CBETUMOCTH).

[Tpaktrueckoe 3ansitue No7. Bumasl 3BE3n. Maccel u pasmepsl 3Be3n. Lledbennpr — masiku
Bcenennoii. DBomonus 38€3/ pa3inuHON Macchl. 3aKOH cMeleHus Buna.

[Tpaktrueckoe 3ansTue Ne§. [IpoGnema cyriecTBOBaHMS JKM3HH BHE 3eMJIU. Y CIIOBHS,
HEOOXOUMBIC JIUIS pa3BUTHUS KU3HU. [loncku xu3Hu Ha rmuaHeTax CoaHeuHoU cucteMbl. CIOKHBIC
OpraHUYECKHUE COEANHEHUS B KOCMOCE.

4. KoMILIEKT OLlEeHOYHBIX CPECTB
KonTpouabHbie padoTsI

KonTtpoubnas padora Nel mo teme: IIpeamer acrponomuu. IlpakTudyeckue 0CHOBBI

aCTPOHOMHUH. 1 BapuanT
Neri/mm Oan Bormpoc
1. 0,5 6amna Bcenennas — 370...

A) HayKa 0 CTPOE€HUM, IBUKEHHH, MPOUCXOKICHUHU U Pa3BUTHH
HeD0eCHBIX TeJI, UX CHCTeM U Bceil BeelleHHOIT B 11eJ10M;

b) nayka, u3yuyaomasi 3aKOHbI CTPOEHHMSI MaTepHH, TeJl M HX
CHCTEM;

B) MaKCHUMAJIbHO OosbIIast 00J1aCTh NMPOCTPAHCTBA,
BKJIKYAKOIIas B ce0sl Bce JOCTYNHbIE JJs1 M3y4YeHHs] HeOeCHbIe
TeJla U MX CHCTEMBbI;

I') nayka o mMarepum, ee CBOMCTBAX M JABMKEHUU, SIBJISIETCS
0JIHO¥i U3 HauboJiee JPeBHUX HAYYHBIX M CHUILINH.

2. 0,5 6amna OCHOBHBIM MCTOYHHUKOM 3HAHUI 0 HEOECHBIX TeJIax, mpoueccax u
SIBJICHUSIX NIPOMCXOASAIIMX BO BeesleHHOM, IBJISIIOTCS. ..




A) u3MepeHus; b) nadmonenns; B) onbIT;

I') pacuérnl.

0,5 6amna

Co3aan reJJMOLEHTPUYECKYI0 KADTHHY MHpPa

A) Hukonaii Konepnuk; b) I:xopnano bpyHo; B)
HNorann Kenuiep;

I') Ucaak Hbl0TOH.

0,5 6amna

Co3Be3gueM Ha3bIBaeTCH:

A) onpenesieHHasi TPYNIA U3 3Be3/l, HAIOMUHAOIIAS KaKYyl0-
HuOyAb Gurypy;

b) yuyacTok Heba ¢ yCTAHOBJIEHHBIMHM I'PAHULIAMU;;

B) ckonsienue 3Be31; I') iunun,
coeJUHSI0IINeE 3Be3/bl.

1 Oamn

IlnockocTh, Npoxoasias 4yepe3 HeHTP HebecHOMH cdepbl
NepNeHIUKYJIsIpHAS OTBECHOI JIMHUH HA3bIBAETCH. ..

A) pu3MYeCKHM rOPU30HTOM; b) matemaTtu4eckum
TOPHU30HTOM;

B) mosicom 30amaka; I') s3xBaTOpOM.

1 Oamn

IIpomeskyTOK BpeMeHH Mexay ABYMS IOCJIeI0BATEIbHbIMU
(hazamu JlyHbl, Ha3bIBaeTCH. ..

A) CHHOAMYECKHM MecsleM; b) ayHHBIM
MecseM;

B) cupepuyeckum mecsinem; I') conHedyHbIM
MecsleM.

1 Oamn

OnuH cBeTOBOM rog—

A) Paccrosinmne mexny 3emiéit u JlyHoii;

b) Paccrosinue mexkny 3emuéii u CoJiHiem;

B) Paccrosinmne, KoTOpOe NMpoJieTaeT paKeTa 3a OMH Ioj;

I') Paccrosinune, KoTOopoe MPOXOAUT IJEKTPOMATHUTHASL BOJIHA
3a O/IH IoJ;

1 Oamn

HajiguTe 1 BbIYepKHUTE JIMIIHEE B 3TOM CIIUCKe.

Ko3sepor, [Ipakon, Psi0bl, JleB, 3meenocen, Pak.

2 Oamna

Ha o0oporte HauepTuTh cXemMy COJIHEYHOr0 3aTMEHHS M YKAa3aTh
00J12CTH MOJIHOTO U YACTUYHOI0 3aTMEHHS.

10.

2 Oamna

IponoskuTesbHOCTH cMeHbI (pa3 JIyHbI Ha3bIBaeTcs .... U PaBHA
A) cuHoaMYeCcKUM MecsiieM, 27,3 cyT;
B) cunepuveckum mecsiem, 29,5¢cyT;
C) cunoanueckuM Mecsiem, 29,5¢cyT;
J) cunepuyeckum mecsitem, 27,3¢yT;

11.

Fokeckokok | 621.]1.]1

IlepeBecTu B rpaaycHyio mepy 17 yacoB 25 MUHYT.

K/p Nel no teme: Ilpexmer actponomun. IIpakTnyeckne 0CHOBBI ACTPOHOMHUH. 2

BapUAHT

Nerr/

Oan

Bomnpoc




II
1., 05 Bces HeOecHasi cpepa coaep:KUT 0K0JI0...
Oamna
A) 3000 3Bé371; B) 2500 3Bé3; B) 6000 3Bé37; I') 25000
3B€311.
2. 0,5 Ha3zBanus 00JiblIeH 4YaCTH CO3Be31UIl ONpeae AT C:
oamia | A) llepconaxxkamm ApeBHMX MU(OB U JIereH/1;
b) UmenamMu nepBbIX Ha0JII0/1aTe/1eil CO3Be3AMIA;
B) UmenaMu apeBHUX NpaBUTeled U HA3BAHUAMMU NPeIMETOB UM
NPUHAIEKABIINX;
I') CoBpeMeHHBbIMM HA3BAHUSIMM NPEIMETOB.
3. 0,5 1 acTpoHoMMYecKasi eITMHUIIA PABHA...
6amia | A) 150 MJaH. kM; b) 3,26 cB. JaeT; B) 1 cB. rox; ') 100
MJIH. KM.
4.1 05 Och Mupa nepecexkaer He0eCHYI0 c(pepy B TOUKAX, KOTOPbI¢ HA3bIBAIOTCH..
bawia | A) 3¢HUTOM M HATUPOM; b) nomocamu
MHpa;
B) ToukamMu BeceHHero M OCEHHEro PaBHOJACHCTBHUSA; I
KYJbMHHAIMAMH.
5.| 1 6amn | Tme 61 Bbl uckaau IlonsipHyio 3Be3ny, ecau Obl Bbl HAXOAMJIUCH HA
CeBEPHOM noJroce?
A) B TOYKe 3¢HUTA; bB) Ha BbIcoTE 45° HaJg rOPU3OHTOM;
B) Ha ropu3onre;
I') Ha BBICOTE, paBHOM reorpau4ecKoii IMPOTEe MecTa HAOJIIOACHHUS.
6.| 1 6amn | IlmockocTh, mpoxoasimiasi  4yepe3  LeHTP  HebDecHoid  chepbl U
nepneHANKYJIsIpHASL OTBECHON JIMHUU HA3BIBAETCH. ..
A) pu3HYeCKHUM TOPHU30HTOM; b) maremaTnyeckum
TOPU30HTOM;
B) nmosicom 30a1uaka; I') sxBaTOpOM.
7.| 1 6ann | ®a3pl JIyHbI IOBTOPSIIOTCS Yepes3....
A) 346, 53 cyTok; b) 27,21 cyrok; B) 29,53 cytok; 1) 24,56 cyTok.
8.| 1 6ann | HaiiguTe 1 BoIYepKHHUTE JIUIIHEE B 3TOM CIHUCKe.
Ko3zepor, Manas Measeauua, Poiobl, OBen, Ckopnmnon, Pak.
9. 2 Camoe BbBICOKOE TIOJIO)KEHHE CBeTWJIAa OTHOCHTEJbHO TOpPHM30HTA,
6auia | AOCTHraeMoe NMpH ero MpPoXoKIAeHNH Yepe3 HeOeCHbIN MepUINaH:
A) BepxHsis KyapMUHaUus;  B) 3eHuT; C) BbICOTA;
J1) mpsiMoe BOCXOXEHUE; E) ckinonenwe.
10 2 Ha oOopore HavepTuTh cxemy JIYyHHOro 3aTMeHHsi M yKa3aThb 00J1aCTH
6auia | MOJHOIO M YACTHYHOI0 3aTMEHHSI.
11| ****** | IlepeBecTu B rpaaycHyio Mepy 7/ 4acos 55 muHyT. (Ha oGopore)
1 Gamn
OrneHka
K/p Nel mo teme: Ilpeamet actpoHomuu. [IpakTudyeckne 0CHOBBI ACTPOHOMUH. 3

BapUAHT

Neri/nn

Oann Bomnpoc




1.| 0,506amnma | Haiinure BEpPHoOeE yTBep/AeHHe:
A) 3emus saBasieTca 0ogbmoi miaaHeToid CoJIHEUHOH cHCTEMBI,
KoTOopast BXOAMUT B CcOoCTaB Halueun I'anmakTuku;
b) CouaHeuHasi cucTeMa He SBJfAeTCsT 4YacTblo [ajlakTHKH;
B) CosHeuHasi cucTemMa BXOAMT B cocTaB TymMaHHOCTH AHIpoOMena;
I') CosiHeyHasi cucTeMa HAXOAUTCS B lleHTpe Hamel ['ajnakTukn.

2.| 0,50amna | YueHblii JpeBHEro MHpPa, KOTOPbIH CYUTAJA, 4YTO B IeHTpe
BcesieHHO#T HaxoaMTCs HeNMOABHMKHAsI mIapooOpasHass 3emJuis, a
BOKPYTI Hee BpamawTcs miaaHersl, Coanne u Jlyna: A)
bupyuu; b) IIndarop;

B) Apucrapx Camocckuii; I') Knasauii IlTosemeii.

3.| 0,56amma | I[liockocTh, mnpoxoasimasi 4epe3 IeHTP HedecHoii cdepbl u
NeprneHINKYJISAPHasi 0TBECHOM JIMHIUH HA3bIBAETCH. ..

A) pusnyecKUM roOpu30HTOM; b) maremaTu4eckum
TOPHU30HTOM;
B) nosicom 30anaka; I') sxkBaTOpOM.

4.1 0,506amma | Buaumoe nBu:kenue CojHua Ha ¢(oHe 3Be3l B BOCTOYHOM
HaNpaBJIeHUH B TeyeHHe roaa BBI3BAHO:
A) Css3aHO ¢ BHIMMBIM [BHKEHHEM 3Be3[ H3-32 0CEBOr0
BpalleHus 3emin;
b) Bpamenunem 3emun BOKpYTI cBoeil ocu;
B) Haauumem ceBepHOro M I0KHOr0 moJymapuii  3emuu;
I') leiicTBUuTeIbHBIM ABH:KeHHeM 3emin BOKpYr CosHua.

5. 1 Oamn I'ne 0b1 BbI uckaau [lossspHylo 3Be31y, ecjin ObI Bbl HAXOAUJIHUCH HA
IkBaTope?
A) B TOUKe 3eHNTA; B) Ha BbIcOoTE 45° Hax
TOPHU30HTOM;
B) Ha ropu3onre;
I') Ha BbICOTE, PpaBHOII reorpaguyecKkoil ImMHPOTEe MecTa
Ha0JII0AeHHUS.

6. 1 Gamn Haiigute u BoIYepKHUTE JIMIIHEE B 3TOM CIHMCKe.
Ko3sepor, Jlebenn, OBen, JleB, 3meenocen, Pak.

7. 1 6amn Ha3oBure  OCHOBHYH)  NPHYMHY CMEHBI BpeMeH  Troja:
A) 3emass aABMKETCS MO JJUIMNTHYECKOW opOuUTe, MOITOMY
paccrosinue g0 CoJiHIa H3MeHsieTCs, NPH 3TOM, Korga 3emJsi
pacnosioxkeHa oamxke kK CotHIy — J1eTo, ajbine or CoHIA — 3UMa;
b) HakioH 3eMHOIl OCH K IUIOCKOCTH 3eMHOH OpOMTHI;
B) BpalleHue 3emiin BOKPYT cBOeH oCH;
I') Mmens1ieHHOE BpalleHHe 3¢MHOM OCH.

8. 1 Gamn ®a3p1 JIyHBI IOBTOPSIOTCS Yepes....

A) 29,53 cyTok; b) 27,21 cyroxk; B) 346, 53 cyTok;
I') 24,56 cyToK.

9. 2 Oamna Jnst onpeneneHuss BUAa 3Be3HOI0 Heba B JH000H JeHb U MOMEHT
BpeMeHH /I BHIOPAHHOI0 MecTa MCHoJab3yeTcsi:A) atnac HebecHOU
chepsr, b) actponomuveckuii KajaeHaaph; B)
TEJIECKOIT;

") mogBmHas KapTa 3Be31HOTO HeOa; /1) KaTayior 3Be3 .

10y 2 6amna Ha o0opore HavepTuTh cxemy ¢a3 Jlynsl u ykaszaTrs o0iacTu
HOBOJIYHUS, IOJTHOJYHHUS M YObIBAIOIIEi JTYHBI.

11) ] IlepeBecTu B rpaaycHyio mepy 13 yacoB 45 MUHYT.

Oaut




OrneHka

K/p Nel no reme: Ilpeamer actponomumn. Ilpakrnyeckne 0CHOBBI aCTPOHOMUM. 4 BADHAHT

Nen/m 0ayn Bomnpoc
1. 0,5 6amna K0 BbICKAa3aJ1 MBIC/Ib, YTO B IeHTPe BeejieHHON HaxoauTCA
3emus:
A) ApUCTOTEIb; b) Apucrapx Camocckuii;  B) IlTosnemeii;
I') bupynn.
2. 0,5 6amna Co3Be3queM HA3LIBAETCH:

A) onpenesieHHasi purypa us 3Be3/l, B KOTOPYIO 3Be3/Ibl
00beIMHEeHbI YCI0BHO;

b) yuacTok He0a ¢ yCTAHOBJIEHHBIMH IPAHULIAMU;;

B) ckonsieHue 3Be3; I') iunumn,
coeUHSIONINE 3Be3/bl.

3. 1 Gamn OTBecHas1 TUHUA NepeceKkaeT HeOecHYIO cpepy B IBYX TOUKAX,
KOTOpbIe HA3bIBAIOTCA. ..

A) 3¢eHUTOM M HAMPOM; b) nosrocamu mupa;
B) ToukaMu BeceHHEro u OCEHHEro PpaBHOAEHCTBHUSA;
I') KyaibMHUHAIIUSAMMH.

4. 1 Gayn Och BUAUMOro BpauleHusi HeGecHOli cepbl HA3BIBACTCH. ..
A) OTBeCHOI JIMHUEH; b) sxkBaTopom; B)
OCBhI0 MUPAa;
I') HeOeCHBIM MEepPUIMAHOM.

5. 0,5 6amna IIpuunHO# CyTOYHOro BpamieHHsi HeOecHOW cdepbl SIBJSIETCH:
A) CoOcTBeHHOE BMKEHHE 3Be3[; b) Bpamenue 3emun
BOKpYIr ocu;

B) IBu:xkenne 3emun Bokpyr CoJiHua;
I') Isnxenune CosnHlia BOKpYT neHTpa I'ajakTukm.

6. 0,5 6anna Ha3oBuTe OCHOBHYIO IPUYMHY CMEHbI BpeMeH roja:

A) 3eMuist ABHIKETCS 1O JJUIMNITHYECKOI opOnTE, MOITOMY
paccrosinue 10 CoJIHIIa M3MEHsIeTCs, TPH 3TOM, Koraa 3emuist
pacmnoJio:keHa 0ymxke kK CoytHIy — J1eTo, Aajabiie oT CoaHua —
3uMa;

b) HaKJIOH 3eMHOMH 0CH K IVIOCKOCTH 3eMHO# OpOMTHI;

B) Bpamenne 3emin BOKpPYT CBoeii OCH;

I') menieHHOE BpaleHne 3eMHOI OCH.

7. 1 Gamn HajiguTe U BbIYEPKHUTE JIMIIHEE B 3TOM CIIMCKe.
Ko3sepor, /Ipakon, Psi0bl, Ckopniuon, 3meenocen, Pak.

8. 1 6amn Camoe BBICOKOE I0JIOKEHHE CBETHJIA OTHOCUTEIbHO T'OPU30HTA,
AOCTUTraeMoe TMpPH ero TMNPOXO:KIeHUH uYepe3 HeOeCHbIH
MepHIHaH: A) BepxHss KyJIbMHUHALIUSA; b) 3enur;

C) Beicota /) CKITOHEHHUE.

9. 2 Gamna Ha o6opote HayepTHTHL cXemy JIyHHOr0 3aTMeHHA M yKa3aTh
00/12CTH IOJIHOTO ¥ YACTHYHOI0 3aTMEHHS.

10. 2 Gamna Jlyna:
A) eIMHCTBEHHbIH €CTECTBEHHbI CIIYTHUK 3eMJIU;
b) eauMHCTBEeHHBINl  MCKYCCTBEHHBIH CHYTHHK  3eMJiH;




B) OTUH u3 CIIyTHUKOB 3emuin;
I') nianera, oopamarmmascs Bokpyr CosiHna Bmecre ¢ 3emuiei.

11.

*akxk] 6amn | IlepeBecTH B rpalyCHYIO Mepy 7 4acoB 55 MUHYT.

OrneHka

KonTpoabHasa padora Ne2 mo teme: «CtpoeHue Tes cosiHedHo# cucrembl. Ilpupona teu

CoJstHeYHOI#i CHCTEMBL» 1 BapuanT

Neni/mt | 6amn Bompoc

12. 0,5 Bauscainuyio k Connuyy mouky opoumel nazvlearom...

Oaya A) Adenuewm; b) [lepurenuewm; B) Dkcuentpucurerom.

13. 0,5 1. B cocmae Conneunoii cucmemot 6xooum:

Oamna 1. 12 nnaner 2. 8 mnaHer 3. 6 mianer 4. 4
TIJIaHEThI
14, 0,5 7. Camasn 60zamasn xcene3om nianema:
Oamna 1. Mepkypuit 2. Mapc 3. 3emusa 4.
Benepa
15. 0,5 3axonuume npeonoycenue:
Oama CkopocTb cBeTa paBHa

16. 1 Gayn UYmo yoeporcueaem naanemsl Ha ux opoumax eokpye Connya?

A) Ha opburax Bokpyr CoJsiHIIa TIJIaHETa YACP>KUBACTCS BCIICICTBUE CIOKEHUS
IBYX IBUXKCHUH — TMPSMOJIIMHEHHOTO ABM)KCHUS 0 WHEPIHH W JBIKEHUS K
IJIaHeTe, BBI3bIBAEMOT'0 ee MPUTSKEHUEM.
b) Ha op6utax Bokpyr CosHIla IJlaHeTa yJIEpKUBACTCS BCIEACTBUE CIIOKEHUS
MPSMOJMHEHHOTO JBMXKCHHSI 10 WHEPIMH U JBUKCHHS 0 HANPABICHUIO K
Connuy noJt neicTBruemM CHJIBI COJTHEYHOTO MPUTSKEHUS.
B) Ha cBoeit opbute okono ConHIla TUTaHETa YIEPKUBAETCS BCIEACTBHE
MPSIMOJIUHEIHOTO JBUKEHUS 110 HHEPIIUH.

17. 1 6amn I'nagnoni npuuunoii Hepagencmea OHA U HOUU Ha 3emie AGAACMICA:
1) HaKJIOH 36MHOM OCH K IIJIOCKOCTH OpPOUTHI, 2) oceBoe JBUKCHUE
3emin;

3) ¢popma 3emiu; 4) pazmepsl 3eMITH.

18. 2 6amma | Kak mo Buay Ha HeGe JIyHbl pacmo3HaTb: MoJI00H (HApPOKIAIOUIUICH)
Mecsan? Crnenarb cxeMaTH4eCKHII pUCYHOK. (Ha odopoTe)

19. 1 Gamn B yeM npuymMHa BBICOKOIi TeMIepaTypbl Ha MOBepXHOCTH BeHnepnbi?

20. 2 6amta | boabmasi mosryoch opoutsl Mapca 1,5 a.e. Uemy paBeH 3Be3IHbIH Mepuoj
ero oOpamienunst BOKPYT Coanua? (Ha
oboporte)

21. 1 6amn B 4yem cocTOMT yHHKAJIBLHOCTH YpaHa?

A) Bpamaercst «iéxa Ha O0Ky: HaKJIOH OCH BpALIEHHs K MIOCKOCTU AKIMITUKHU




npu6usuTensHo pased 98°; b) Bpammaercs kak BOIUOK;
B) nBwkercs B 00paTHOM HampaBJICHUU;
I') Tlepuox mosnHoro oOpamienus Ypana Bokpyr Connma 140 3eMHBIX JIeT.

OrneHka

KonTpoabHasa padora Ne2 mo teme: «CtpoeHue Tes cosiHedHo# cucrembl. Ilpupona teu

CoJIHe4HOii cuCTeMBbL.» 2 BapuaHT
Neni/m | 6amm | Bompoc
12. 0,5 Hauébonee yoanennyio k Connuyy mouKy Ha3vléaom...
b6ama | A) Adenuem; b) Ilepurenuem; B)
OKCLIEHTPUCUTETOM.
13. 0,5 9. benvle nonapuvie wianku Ha noa0OCax UMEOMCa y:
6amra | 1. Mepkypus u 3eMian 2.Mapca u 3emin 3.Beneprr u Mapca
4. Benepsl u Mepkypust
14. 0,5 8. Camyrw naommuyw oonaunyrw ammocghepy u3z nianem 3eMHOU ZPYHNbL
Oamia | umeem:
1. Mepxkypuit 2. Mapc 3. 3emus 4. Benepa
15. 0,5 3axkonuume npeonorcenue:
Oamna | XBOCThI KOMET OOBIYHO HAMPABJICHBI B CTOPOHY
16. 1 Obvacnume ¢ nomowvio 3axkona Hotomona, nouemy cnymuuxu yoeprcusaiomces Ha
06am1 | opéumax oKono ceoux niaanem.
A) Ha cBoeit opOuTe 0KOJI0 TJIaHEThI CITyTHUK yAEPKUBACTCS BCICICTBUE CIOKEHUS
JBYX JBWKCHUU — TPSIMOJIMHEWHOTO JIBIXKEHUS 110 MHEPIIUH U JBIKCHUS K TUIAHETE,
BBI3bIBAEMOT'0 ee MPUTSHKEHUEM.
b) Ha cBoeii opOuTe OKOJO TUIAHETHl CIYTHUK YAEPKUBACTCA BCIIEICTBHE
IPSIMOJIMHEIHOTO JBUKCHUS o MHEPLIHH.
B) Ha cBoeit opOuTe 0KOJI0 MIaHEThl CIYTHHUK YAEPKUBACTCS BCIEIACTBUE JBHKCHUS
K [IJJAaHETE, BbI3bIBAEMOT'0 €€ MPUTSKECHUEM.
17. 1 B kakom  Hnanpaeénenuu - 3emna  epawjaemca  60Kpye  ceoeii  ocu?
O6aym | 1) ¢ 3amajga Ha BOCTOK; 2) B 3aBUCHMOCTH OT BPEMEHHU CYTOK;
3) ¢ BOCTOKA Ha 3amaj; 4) B 3aBUCUMOCTH OT CE30HA roja.
18. 2 Hapucyiite cxemy B3amMHOro pacmoJioxkenuss Coanna, JIynsl u 3emum npu
Oayyia | COJTHEYHOM 3aTMEeHHUH. (Ha 000poTe)
19. 1 Ilouemy Ha Mapce B TeueHHe CYTOK NPOUCXOAUT 0oJiee pe3koe KojeHaHUe
O6am1 | TeMmepaTypbl yeM Ha
3emue?
20. 2 Boabmas mnogyoch opoutsl FOnurepa 5,2a.e. KakoB 3Be3aHbIii mepuoa ero
Oamia | odpameHust BOKpYT Connna?_ (Ha
obopore)
21. 1 Yro Takoe «boJiblI0e KPacHOe MATHO» U ¢ KAKOH NJIAHETON OHO aCCOLMUPYETCH:
Oaym | A ) rurantckuii yparad B atmocdepe FOnurepa; b) xonwio CarypHa,
B) mrropm Ha Ypane; I') ropa na Mapce.




OrneHka

KonTpoabnasa padora Ne2 mo teme: «CtpoeHue Tes cosiHedHo# cucrembl. Ilpupona teu

CoJstHeYHOIi CHCTEMBL» 3 BapuaHT

Neri/ | 6an | Bompoc

i 1

12. | 0,5 | Kakue mMaiaelx Tead  CoaHeunoir  CucreMbl 00LACHAIOT fAIBJICHUE
Oanl | «magarouieii 3Be3ab»?

Ja a) acrepoun;  0) MeTeop; B) METEOPHUT;  T) KOMETHI; 1) TUTAHETa-KapJuK.

13. | 0,5 | Haubonee yoanenmnan k 3emne mouka opoumst JIyHbl uiu Kaxozo-Huoyow
0an | ucKyccmeennozo cnymuuka 3emau Ha3vléaemcs. ..

Ja A) Ilepurenuewm; b) Anoreewm; B) Ilepureem.

14. | 0,5 | Ckopocmo epauienus 3emnu no opoume 60Kpy2 Connuya:
6an | 1) 30 m/c; 2) 30 km/u; 3) 30 cm/c; 4) 30
na KM/C.

15. | 0,5 | 3axonuume npeonoxcenue:

O6an | benvle nonapuvie wianku Ha NOAIOCAX UMEIOMCA Y
na

16. |1 Ilpuseoume osa gpaxma, Komopvie nOOMEEPIHCOAIOM AKKPEUUOHHYIO (AKKpeuus —
0an | kondencayusa eewyecmea) meopuito oopazosanun ConHeynoll cucmemol.

b A) Bce mmanetsr oOpamatorcs Bokpyr CoJiHIIa B OTHOM M TOM K€ HaIlpaBJICHUHU.
OpOutel  BceX  MJIaHET  JIeKaT  MOYTH B IUIOCKOCTH  OKIUNTHKU.
b) Ilmanersl ruranthl oOpamatorcss BOkpyr CoJjiHIIa B OJHOM HAaNpaBlICHUH, a
TUTAHETHI 3eMHOM TPYyTIIBI - B IpyroM HaIpaBIICHUU.
B) Yacte mutanetrsl CostHeuHO#M cucTeMbl oOpamarTcs Bokpyr CoJiHIIa ¢ 3amaaa Ha
BOCTOK, a JIpyras 4acTb — Ha000poT. OpOUTHI BCEX IIJIAHET JISXKAT MOYTH B TUIOCKOCTH
SKIIUITHKH.

17. |1 Kakasi niianera 3eMHo#i rpynnbl MMeeT caMyK IJIOTHYIW aTMmocdepy?
6an a) Mepkypuii; 0) Benepa; B) Mapc; 1) 3emus.
1

18. |2 Hapucyiite cxemy B3amMHOro pacnojoxxenuss Couanna, Jlynosl u 3emiau npu
Oan | JyHHOM 3aTMeHHH.(Ha 000poTEe)
na

19. |1 KakoBbl ocodeHHOCcTH TpUpoAbI MepKypusi M 4YeM OHU 00bSICHAIOTCS ?

Oan
hi§

20. |2 Boabsmas noayocs opoutsl Benepsl 0,72a.e. Uemy paBeH 3Be3IHBII Iepuoj ee
Oan | oOpaleHust BOKpPYT Coanua? (Ha
na | obopoTe)

21. |1 Kakoe siB1enne 0yayT Hao/01aTh KOCMOHABTHI HAa JIyHe koraa Ha 3emMiie BUIHO
6an | ayHHoe 3aTMeHue? Kakoe siBieHue OyayT Hada0aaTh KOCMOHABTHI Ha JIyHe
b Korjaa HA 3emuie BU/IHO JIYHHOE

3aTMeHue?

Ouenka




KonTposbHasi padora Ne2 mo teme: «CTpoeHue Ten cosHe4HOH cucrembl. Ilpupona Ten

CoJIHeYHOM CHCTEMBbIL.» 4 BapuaHT

Neri/mm | Gamn Bompoc

1. 0,5 Kakne n3 Mauabix tea CoaHeuHoii CucreMbl HHOTZa HMEIOT « XBOCT

Oaiuta nagamoumei 3Be3ab»?
a) acTepous; 0) Mereop; B) METCOPUT; r) KOMEThI; J) IJIaHeTa-
KapJIHK.
2. 0,5 8. Haubonee évicokas memnepamypa Ha NOBEPXHOCHIU:
Oaya 1. Mepkypuit 2. Mapc 3. 3emns 4.
Benepa
3. 0,5 7. Camoit oanvneit om ConHya u3 naaHem 3eMHOU ZPYRNbL AGNACMCA:
Oamna 1. Mepkypuit 2. Mapc 3. 3emus 4. Benepa
4, 0,5 3akonuume npeonodicenue:
Oanna Boo6paxaemas OKpPYXHOCTb Ha MIOBEPXHOCTU 3emin,
MpOBEICHHAs Ha paBHOM paccTosHUU oT CesepHoro u
FOxHOTO MOJIFOCOB, HA3LIBACTCS

5. 1 6ann | Kak menaemca 3HaueHue CKOPOCMU OBUMNCEHUA NIAHEMbl HpU  ee

nepemeuienuu om aghenusn K nepuzeauro?
A) B adenuu CKOpOCTh IJIAHETHI MaKCHMAaJbHAs, 3aT€M OHa BO3pacTaeT U B
MIEePUTeTUH CTaHOBUTCS MUHUMAaJIbHOM.
b) B ademuu ckopocTh miaHeThl MUHHMMAIbHAs, 3aT€M OHA BO3PACTaeT U B
MIEpPUTeTHH CTaHOBUTCSA MaKCHMaJIbHOM.
B) B adenuu ckopocTh MIaHEThl MUHUMAaNIbHAs, 3aTeéM OHa BO3pacTaeT U B
MIEPUTeINH CTAHOBUTCSI PaBHOM HYIIIO.

6. 1 6amn | Kakne M3 XHMHYECKHX JJ1eMEHTOB Haubojee pacmpocTpaneHbl Ha Cou
Hue?

a) OKCUTEH W JKene30; ©0) BOJOpOA W TelHii; B) BOJOPOA U OKCHICH;
T') a30T ¥ OKCHTCH; 1) deppyM H a3orT.

7. 2 6amna | Kak mo Buay Ha HeOe JIyHbl pacno3HaTh cTapblil (yxoasimiuii) mecsin?
Cneaatb cxeMaTH4YeCKHii puCYHOK.(Ha 000poTe)

8. 1 6amn | Mo:xHo Ju Ha JIyHe Ha0/onaTh MeTeopbl? OTBET MOSICHUTE.

9. 2 6amna | YUemy paBHa 00Jib1Iasi MOJIYOCh OPOMTHI YpaHa, ec/iv 3Be3IHbIH Mepuoj ero
oOpamenust BOKPYT Coanna cocraBJjsieT 84 roaa? (Ha
oboporte)

10. 1 6amn | CymecTBYeT JIM pa3jidyue MeXKIAy MeTeopoM M MeTeoOpuTOM?

OrneHka

KonTpoabnasa padora Ne2 mo teme: «CtpoeHue Tes cosiHedHo# cucrembl. Ilpupona teu
CoJstHeYHOI CHCTEMBL» S BapuaHr

\ Nen/ \ a1 | Bomnpoc




n
1. 0,5 5. Cnoso «kpamepy 6 nepesooe ¢ zpeueckozo 0603Hauaem:
O6amt | A. «Oonpiiast yamay b.«Oomnb11oit oBpar» B «Oonpmioit xenob» r
a «OO0JIBIIIOE OJIFOIIIEY
2. 0,5 0. U3 nnanem 3emHoil 2pynnvl CHymHUKU UMEIOM:
6amn | 1. Mepkypuit u 3emis 2. Mapc u 3emis
a 3. Benepa u Mapc 4. Benepa u Mepkypuii
3. 1 Ilpu Kkakux ycaosusax OeuxceHue HeODecHvIX mean Oyoem npoucxooumsv 6
Oamn | mounocmu no 3axkonam Kennepa?
A) Eciiu B CostHEUHO# cucTeMe OJIHa IJIaHeTa.
b) Ecniu B ConHeuHoll cucTeMe HE OJiHA TUIaHETa, a MHOTO, M KaxKjas W3 HUX
UCIBITHIBACT co CTOPOHBI OpyTrUxX BO3MYIIICHHUS.
B) B ciyuae, ecnu cymiecTBYIOT JIMIIE IBA B3aUMHO MPUTSTUBAIOIINXCS TEA.
4. 1 ITouemy Ha Mapce npoucxoasit 0osiee pe3kue, 4yeM Ha 3emule, KoJieOaHUsI
Oamn | TeMImepaTypbl B TeyeHue
CyTOK?
5. 0,5 Conneyunasn cucmema, 0O MHEHUIO YUEHBIX, 00PA306A1ACH:
Oamn | 1. 3,0-3,5 mapa. et Hazax 2. 4,5-5.0 mapn. net Hazajg
a 3. 5.0-6.5 mupa. et Ha3zan 4. 2.5-3.0 mapn. et Hazaj
6. 0,5 3akonuume npeonosicenue:
6amn | Touku NEPECEUCHHUSI BOOOpakaeMoii 36eMHOM ocH c
a MTOBEPXHOCTHIO 3eMJIM Ha3bIBAIOTCS
7. 2 Hapucyiite cxemy B3amMHOro pacmnoJjoxeHuss CojiHua, .JIyHbl U 3eMud npu
0amn | cOJIHeYHOM 3aTMeHHH. (Ha 00opoTe)
a
8. 1 Oxapaxkrepusyiite pasziuydue B arMocdepax 3emun u
6ay1 | Benepsl.
9. 1 Mo:xHo JIn Ha Jlyne Ha0JII01aTh MeTeopbl? OtBer
Oa1 | mosicHUTe.
10. 2 Boabmas moayoch opoutsl CatypHa 9,54a.e. KakoB 3Be3HbI Nepuox ero
Oam1 | odpaleHus BOKpYT Coanna? (Ha
a oboporte)
Ouenka

KonTpoabsHas padora Ne3 mo Kypcy «ACTPOHOMHUSI» 1 BapuanT




1. 105 Bcenennas - 370...
6aia A) HayKa 0 CTPOECHUM, IBUKEHUU, IPOUCXOKICHUH U PA3BUTHN HeDeCHBIX
TeJl, UX CHCTeM U Bcel BceesieHHOI B e 10M;
B) nayka, usyuaomiasi 3aKOHbI CTPOEHHsI MATEPUH, TeJI U UX CHCTEM;
B) makcuMasibHO 00/1b1IAasA 00/12CTH MPOCTPAHCTBA, BKJIKYAKOIIAs B ce0st
BCe JIOCTYNHbIE /1JI51 N3YyUYeHUsI HeOeCHbIe TeJIa U UX CHCTEMBbI;
I') nayka o marepum, ee CBOWCTBaxX M JBHJKCHHM, SIBJSIETC OJHOHM M3
HauboJiee JPEeBHUX HAYYHBIX JUCIUIJIMH.
2. 105 OCHOBHBIM HCTOYHHKOM 3HAHMIi 0 He0eCHBIX TeJiaX, Npomeccax u
6aia SIBJICHUAX NIPOUCXOAAIIMX BO BeesieHHOM, ABJISIIOTCA. ..
A) u3mMepeHus; b) nat6aonenusi; B) onbIT; I)
pacyéThl.
3. 105 Co3znan reJIM0IeHTPUYECKYI0 KApTHHY Mupa
6amia A) Huxkoaaii Konepuuk; b) dAxopnano bpyHo; B) Uorann
Kenuep; I') Ucaak Hbl0TOH.
4. 10,5 Co3Be3nuem Ha3bIBaeTCs:
oauia A) omnpenejieHHass rpynna u3 3Be3[, HANOMHUHAKWINAS KaKYIO-HHOYIb
durypy;
b) Y4acToK HeOa c YCTAHOBJIEHHBIMH TPaHULIAMU;
B) ckonsienue 3Be3n; I') auHumn, coequHsIIONIUE
3Be3/1bl.
5. | 1 6amn | IlnockocTh, NpOXOAsAIAsi 4Yepe3 LEHTP HeGecHOil cepsl W
NnepneHInKyJIsIpHAsi OTBECHOM JIMHUU HA3bIBAETCH. .. A) pusnuecknm
TOPU30HTOM; b) maTreMaTH4YeCKHUM FOPHU30HTOM;
B) nosicom 30auaKa; I') sxBaTOpoMm.
6. |05 IIpomokuTH npeaioKeHue: HebecHoii chepoii
oaia Ha3bIBaeTCH
7. | 16anmn | 3a24 4 3emis (a HAM KaXXeTCsl, YTO 3BE31bl) COBEpIIAET 0J1uH 000poT - 360°.
CrnenoBatenbHO, 360° cooTBeTcTBYIOT 24 4, Torma 15°-1 4, 1°-4 mun, 15'-1
muH, 15"-1 c.
Hampumep, 90° coctaBnsitor 6 4, a 7 1 18 mun - 109°30'.
Broipasure 9 4 15 mun 11 ¢ B rpagycHoii mepe.
8. 105 bauscainuyro k Connuyy mouxky opoumel Hazvlearom...
6aia A) Adenuewm; b) Ilepurenuem; B) Dkcuentpucurerom.
9. |05 2. B cocmaeé Conneunoii cucmemol 6xooum:
Gaia 2. 12 mnaner 2. 8 mmaHeT 3. 6 mmaHeT 4. 4
TJTAHETHI
10. | 0,5 Camasn 60zamas xcenezom niaHema:
6aia 2. Mepkypuit 2. Mapc 3. 3emis 4.
Benepa
11. | 0,5 3axonuume npeonodicenue: CxkopocTh
Oaiia CBC€Ta paBHaA




12. | 1 6amn UYmo yoeporcueaem naanemsl Ha ux opoumax eokpye Connya?

A) Ha opb6utax Bokpyr ConHIa TIUIaHEeTa YAEPKUBACTCA BCICICTBHE
CIIO)KCHHSI JIBYX NBIDKEHUN — MPSMOJIMHEHHOTO IBIDKEHUS MO HHEPIUU U
JIBUKCHUSI K IJIaHETE, BBI3bIBAEMOT0 ee MPUTSHKEHUEM.
b) Ha opOutax Bokpyr CollHIIa TUTaHETa yIePKUBACTCS BCIEACTBHE CIOKEHUS
MPSIMOJIMHEIHOTO JIBM)KEHHUS 10 MHEPLUUU U JBWKEHHUS IO HAIMpPaBICHUIO K
Connny noJ necTBIEM CHITBI COJTHEYHOTO MIPUTSDKEHUS.
B) Ha cBoeit opbute oxoso CosHIa TIaHETa YACP)KUBACTCS BCIICICTBHE
MPSIMOJIMHEHHOTO JIBUKCHHUSI T10 HHEPITUH.

13. | 1 6ann | I'nasnoii npuuunoii HepageHcmea OHA U HOYU HaA 3eme AGNACMCA:
1) HaKJIOH 3eMHOM OCH K IUIOCKOCTU OpOHTHI, 2) oceBO€ ABM)KEHUE
3emu;

3) dopma 3emiu; 4) pa3mepbl 3eMIIn.

14. | 1 6ann | Kak mo Buay Ha HeOe JIyHbI pacmo3HaTh: MOJIOA0H (HAPOKIAKOIIMIiCS)
Mecsan? Crenarb cxeMaTH4eCKHIl pUCYHOK. (Ha odopoTe)

15. | 1 6ann | B yem npuyYHMHA BHICOKOI TeMNepaTypbl Ha noBepxXHocTU Benepobi?

16. | 2 6a;mna | Boabswmas nosayocs opouThbl Mapca 1,5 a.e. YeMy paBeH 3Be3/IHbIIi Mepuo
ero oOpameHust BOKpYT Coanua? (Ha
obopoTe)

17. | 2 6amna | B yeM COCTOMT YHHKAJBbHOCTh YpaHa?

A) Bpamaercs «iaé&xa Ha OOKy: HAKJIOH OCH BpalIeHUS K IUJIOCKOCTH
SKIIMTITUKY MPUOIM3UTENbHO paBeH 98°; b) Bpamaercs kak
BOJTUOK;
B) nBukercs B 0OpaTHOM HampaBlIeHUH;
I') Tlepuon momHOTO OOpamenus ¥Ypana Bokpyr Comnna 140 3eMHBIX JIET.
18. | 1 6a;r | B yem rjiaBHasi NpUYMHA Pa3jJIMuMs CIIEKTPOB 3Be31?
A. B paznuuuu TemrepaTypsl B aTMmocdepax 3Be3 .
b. B paznuuun naBnenus B atmocdepax 3Be3 .
B. B paznuuuu TeMmepatypsl U JaBieHuUs B aTMocdepax 3Be3I.
Ouenka
KontpoabHnas padora Ne3 mo kypcy «ACTPOHOMUS» 2 BapUAHT
1105 Bces HeOecHasi cpepa coaep:KUT 0K0JI0...
6amt | A) 3000 3Bé3n; b) 2500 3Bé3n; B) 6000 3Bé3a;
a I') 25000 3Bé3x.
0,5 Ha3Banus 0oJib1Iei 4acTH co3Be3Auil onpeaeJsaoTCa:
a1 | A) Ilepconaxamu JPeBHUX mudgos U JIereH1;
a b) HNmenamu NnepBbIX HaOJI0aAaTeIel CO3Be3IUI;
B) HNmenamu japeBHHMX mNpaBuTe/ieil M HA3BaHUSAMHU MPEAMETOB UM
NPUHAIEKABIINX;
I') CoBpeMeHHBbIMHM HA3BAHUSIMM NPEIMETOB.
0,5 1 acTpoHOMHUYecKasi eIUHUIIA PABHA...
Gamn | A) 150 MJH. KM; b) 3,26 cB. aerT; B) 1 cB. roa; I') 100
a MJIH. KM.
0,5 Ocp Mupa nepecexaer He0eCHYI0 c(pepy B TOUKAX, KOTOPbIE¢ HA3bIBAIOTCH..
oau1 | A) 3¢HUTOM U HATUPOM; b) noarocamu
MHpa;




a B) ToukamMu BeceHHEro M OCEHHEro0 PaBHOJEHCTBHS; )
KYJIbMHHALMAMH.
5. 1 I'me 0b1 Bbl uMckanu IloasipHyro 3Be3ny, eciaiu Obl Bbl HAXOAWJIMCH Ha
Ooay1 | CeBEPHOM nmoJjroce?
A) B TOUKe 3€HUTA; b) na BbicoTe 45° Hal TOPU30OHTOM;
B) Ha ropu3zonre;
I') Ha BbIcOTE, paBHO# reorpaguyecKoi NMMPOTE MECTA HADJIIOIEHHS.
6. 1 3a 24 g 3emus (a HaM Ka)eTcs, 9TO 3BE3/Ibl) COBEPIAET OJuH 00opoTt - 360°.
oann | CnemoBatenpHO, 360° cooTBeTcTBYIOT 24 4, Torma 15°-1 4, 1°-4 mun, 15'-1
muH, 15"-1 c.
Hampumep, 90° coctaBnsitor 6 4, a 7 1 18 mun - 109°30'.
Broipasurte 10 u 5 mun 10c B rpaaycHoii mepe.
7. 0,5 B uém pa3idyue MeXKAy CeBEepPHBbIM IOJIOCOM MHPa M TOYKOI
Oamn | ceBepa?
a
8. 0,5 Haubonee yoanennyio k Connuyy mouKy HA3bl6aAI0M. ..
a1 | A) Adenuem; b) [lepurenuewm; B)
a DKCLEHTPUCUTETOM.
9. 0,5 10.  Benvie nonapHvle WANKU HA NOTIIOCAX UMEIOMCA Y:
6an | 2. Mepkypus u 3eMiau 2.Mapca u 3emiu 3.Benepsl 1 Mapca
a 4. Benepsl u Mepkypus
10. | 0,5 0. Camyro naomuyio 0on1aunyr0 ammocghepy u3 nianem 3eMHOU ZPYRNbL
Oam1 | Umeem:
a 2. Mepkypuit 2. Mapc 3. 3emus 4. Benepa
11. |05 3akonuume npeonoyxcenue: XBOCTHI KOMET OOBIYHO HAIpaBICHBI B
Oam1 | CTOPOHY
a
12. |1 Oobvacnume ¢ nomowpro 3axkona Hviomona, nouemy cnymuuku
6arl | yoepacusaromea Ha opoumax 0KoJ10 ceoux niaxem.
A) Ha cBoeii opOuTE OKOJO MJIAHETHl CHYTHUK YACPKUBACTCS BCIICICTBUE
CIIO)KEHUSI JABYX IBUKEHHM — NPSAMOIMHEMHOTO IBHKEHHS MO WHEPUUU U
JIBUKCHHUSI K TUTaHeTe, BBI3BIBAEMOTO ee MPUTSHKEHUEM.
b) Ha cBoeii opbute OKOJIO TJIaHETHl CHYTHHK YACP)KUBACTCS BCIEACTBUC
MPSIMOJTUHEHHOTO JIBUKCHUS o WHEPIIHH.
B) Ha cBoeit opOuTe OKOJO TUIAHETHI CIyTHUK YIEP>KUBACTCS BCIEACTBHC
JBUKCHHUSI K TIAHETE, BRI3BIBAEMOTO €€ IPUTKEHUEM.
13. |1 B kaxkom Hnanpasénenuu 3emnn epaujaemca 60Kpyz ceoeii  ocu?
6am | 1) € 3amaza Ha BOCTOK; 2) B 3aBUCUMOCTH OT BPEMEHHU CYTOK;
3) ¢ BOCTOKA Ha 3araj; 4) B 3aBUCHMOCTH OT C€30Ha ToJIa.
14, |1 Hapucyiite cxemy B3auMHOro pacmnosioxkeHuss Couanna, Jlynol u 3emun
6au1 | MPH COTHEYHOM 3aTMeHHH. (Ha 000pOTe)
15. |1 ITouemy Ha Mapce B TeueHHe CYyTOK MPOMCXOAHUT Oosiee pe3Kkoe KoledaHue
Ooau1 | TeMIepaTypbl yeM HA

3emie?




16. |2 Boabmas noayocs opoutsl IOnurepa 5,2a.e. KakoB 3Be31Hblil epnoj ero

6aur | oOpameHust BOKPYT CouaHna? _
a obopoTe)
17. |2 UYto Takoe «bojiblIoe KpacHOe MNSATHO» MW € KAKOW IUIAHETOH OHO
G6a/u1 | ACCOLMHUPYETCs:
a A ) ruranTckuii yparad B armocdepe FOnurepa; b) xonwio CatypHa;
B) mTopm Ha Ypane; I') ropa na Mapce.
18. 1 YTo JIeKUT B OCHOBE ONpeae/ieHUsl CeKTPAJbLHOI0 Kjacca 3Be3/1bl?

6an | A. Pazmepsl, Mmacca U 1aBieHUE 3BE3/bI.
b. XumMnuyeckuii coctaB 3B€35L.
B. Temneparypa OBEpXHOCTH.

OrneHka

Kpurepun oneHku KOHTpPoabHOW  padorel Ne 1 mo Teme: Ilpeamer acTpoHOMMH.

IIpakTHYecKHe OCHOBBI ACTPOHOMMH.

Samanus bamner [Ipumeuanue

5,6,7,8 4 Kaxapiii mpaBribHBIN oTBET 1 Gamn
9,10 4 Kaxip1it mpaBuiIbHBIN OTBET 2 Oasuia
1,2,3,4 2 Kaxxapiii mpaBuiibHbI oTBeT 0,5 Oanmna

MaxkcumanbsHbli 6amn 3a padoty — 10 6annoB
IIkana nepeBoaa 6a/1JI0B B OTMETKH

OTMeTKa Yucyao 0a1,10B, HEO0OX0AMMOE I
NMOJIy4eHHsI OTMETKHU

« 5» (OTIM4YHO) 10-9

« 4y (xoporio) 8,5-6,5

« 3» (YAOBIETBOPUTEIHHO) 5-6

« 2 « (HeyJOBJICTBOPUTEILHO) | MEHEE 5

Kpurepun oneHku KOHTPOJIbHOH PadoThl Ne 2 mo Teme: «CTpoeHue TeJl COJTHEYHO CHCTEMBbI.

IIpupona tesa CoHeYHOI CHCTEMBbL»

3agaHus bannel [Ipumeuanue

3,4,9,8 4 Kaxp1it npaBmiibHBIN OTBET 1 Oayn
7,10 4 Kaxapiii mpaBuIIbHBIN OTBET 2 Oasia
1,2,5,6 2 Kaxxnprit mpaBunbHbI oTBeT 0,5 Oanna

MakcumanbHbIi 0amt 3a padoty — 10 6aj10B
IIkana nepeBoaa 0a/1710B B OTMETKH

OTMeTKa Yucyo 0a1510B, HEO0X0AUMOE IS
NOJIy4eHHsI OTMETKHU

« 5» (0TIM4YHO) 10-9

« 4y (xoporo) 8,5-6,5

« 3» (YIOBJIETBOPUTEIHHO) 5-6

« 2 « (HeYJOBIICTBOPUTENBHO) | MEHEEe 5

Kpurepun onieHKH KOHTPOJbHOM PadoThl Ne 3 1o Kypcy «ACTPOHOMMSI»

3agaHus bannel [Ipumeuanue

5,6,12,13,14, |7 Kaxp1it npaBmiibHBIN OTBET 1 Oayn




15,18

16,17 4 Kaxp1it mpaBuiIbHBIN OTBET 2 Oasuia
1,2,3,4,7,89, |9 Kaxxapiii mpaBuiibHbI oTBeT 0,5 Oanmna
10,11

MaxkcumanbsHbli 6am 3a padoty — 20 6a10B
IIkana nepeBoaa 6a/1JI0B B OTMETKH

OTMeTKa Yucyao 0a1,10B, HEO0OX0AMMOE I
NMOJIy4YeHHsI OTMETKHU

« 5%» (OTIM4YHO) 19-20

« 4y (xopor1io) 16,5-18,5

« 3» (YIOBIETBOPHUTEIHHO) 10,5-16

« 2 « (HeyIOBJIETBOPUTEILHO) | MeHee 10

IIpakTnyeckue padoThl

MartemaTuka: ajaredpa, Ha4yajia aHaJIu3a, reoMeTpust
3ansaTue Ne 2

Tema: Ileable u panuoHaAbHbIE YUCJIA. 321a4H HA NIPOLEHTHI.

KosmuecTBo yacos: 2

Hessb: o3HakoMuTh OOydwaromuxcs ¢ Juarpammamu Oitnepa i u300paKeHUsI MHOKECTB;
ONKCaThb OCHOBHE CBOMCTBA PALMOHAIBHBIX UYHUCEJ; HAYYUTHCS MEPEBOAUTH JECATUYHBIE IpOOU B
OOBIKHOBEHHBIE M Ha 000POT (TIepUOANYHBIC U KOHEUHBIE). BCTIOMHUTD U pa3BUTh YMEHUEH PEILICHHS
3aJa4 Ha IPOLEHTHI.

Tema camocTosITEIbHOI PadOTHI:
Pabora ¢ paunoHaIbLHBIMH BbIPA:KEHUSIMU

CamocrositesbHast padora (10 MuHYyT)

1) (20,88 : 18 + 45 :0,36) : (19,59 + 11,95);
36 32 10 18

MaremaTuka: ajireépa, Ha4aJjia aHaJIM3a, reoMeTpus
3ansaTue Ne 9

Tema: Kopenb crenenu n

KonunyectBo yacos: 4

Ileab: 03HaKOMHUTH OOy4YaIOLIMXCS C MOHATHEM paPKUKaida, c(HOpMHUpPOBaTH yMEHUE
BBIYMCIIATh KOPHU Pa3HBIX CTEIICHH, pa3BUTh IIPEACTABICHUE O CBOMCTBAX KOPHEH.

Tema camocTosITeIbHOM PadOTHI:
KopHuu cnienne H

CamocrosiTesbHasi padoTa

Bapuanrt I Bapuanrt I1 Bapuant I 11




Al. Beruncaurs: ﬁ ' i@
1) 81;2) 9; 3) 3;

3f2t .0 5°

Al. Beruncauts:
1) 1;2) 2; 3) 20;

Al. Beryuciaute:
1) 1; 2) 2; 3) 20;

V16

A2. Beryucaurh: -2 %
1) -8; 2) 4, 3) -4,

A2. BbIUUCIUTD "\@ "E
1) 100; 2) 10; 3) 1;

A2. Beruncnurh 3{/g-«/625
1) 25; 2) 5; 3) 125;

3 3, ch
A3. Beruncaurs: 0,273
1) 50; 2) 25; 3) 5;

A3. Beruuciaurs: -63\'@
1)-24;2)-12; 3) 12;

A3. Berynciurs: -23‘-'@
1)-24;2)-4;3)12;

Ad. Pemuth ypasHeHue: x°=64
1) 2;2)-4,43)-2;2

A4, PemuTh ypaBHeHue: X°=32
1)-2;2)2;3)-2;2

A4.
x°=243
1)-2;2)3;3)-2;2

Pemnts YpaBHEHUE:

AS. Berunciaurs:

YB-3-84/2-27

AS. Beruncaurs:

AS. BeyuciauTe:

e 1
\J0,04-3/3-9- /5. —
125

OtBerT: Otser:
Orser:
A6. [IpeobpazoBats | A6. [TpeoOpazoBarts | A6. [IpeoGpazoBath
BBIpa)KCHUE! BBIpa)KCHUE! BBIpa)KCHUE!
3\'21{'_: 65.2'9\5 5\45%
OtBer: Orser: Otser:

MaremaTuka: anaredpa, Hauajia aHaJu3a, reoMeTpus

3anarue Ne 11

Tema: Crenenu c pallnOHaJIbHBIM U HGﬁCTBHTGHBHBIM IIOKa3aTcCJICM.

KoanuecTBo 4acos: 4

ean: pacmmpuTh TpeacTaBICHUs] 00Y4aIOMUXCS O CTETNEHSAX, X cBoicTBaX. CoeeHUTh
NpeJCTaBICHNUs O0Yy4alomuXcs O KOPHSAX W CTENEHAX B CIMHYIO CHUCTEMY 3HAHWi; 3aKpenuThb
3HaHUS O KOPHSAX HATypaJbHOM CTENEHW M CTENEHSAX C pPalUOHAIBHBIM M JCHCTBUTEIBHBIM
[IOKa3aTeJISIMU; HAYYUTHCS IPUMEHSTh CBOMCTBA KOPHEHN U CTEIICHEH IPU PEILICHUH 3a/a4.

Tema camocTosITeIbHOMH PadOTHI:

KopHnu u crenenu







IIpakTuyeckas padora Ne 1

Tema: H3yuenue 3BE3IHOr0 Heba ¢ MOMOIILIO MOJABUKHOM
KapThl 3BE3IHOT0 Heda

eab: MO3HAKOMUTKCS C MMOABUKHON KapToi 3BE3THOTO Heba,

Hay4HMThCS ONPEIEIATh YCIOBUS BUAUMOCTH CO3BE3IUMN
Hay4YHUTHCS ONPEIEISATh KOOPAMHATHI 3BE3]] 110 KapTe

Xox padoThI:

Teopus.

Bun 3Bé3mHoro HeGa M3MeEHsIETCS H3-3a CYTOYHOI'O BpAIICHHS
3emiu. V3MeHenue Buaa 3BE3MHOrO HeOa B 3aBHCHUMOCTH OT BPEMEHH
roja OPOUCXOAMUT BcieAcTBHEe oOpamieHuss 3emian Bokpyr CoiHIna.
PaGota mocBsiieHa 3HaKOMCTBY CO 3BE3THBIM HEOOM, PEIICHUIO 3a/1a4 Ha
YCJIOBHSI BUIUMOCTH CO3BE3/IMM U ONIPENEIICHUH X KOOPAUHAT.

[TonBwxHas kKapTa 3BE3MHOTO HEOA N300pakeHA HA PUCYHKE.

NONBHENAR KAPTA JBESAROTO HEEA HAKNALHOA KEYT K KAPTE 3BE3AHOMD HEBA

B Araa

(PacmeuaTartsb)

[lepen Hayamom paOoOTHI pacneyaTaTh NOABMKHYI0 KapTy
3Be31HOro Heda, oBaJl HAKJIAJHOIO Kpyra BbIpe3aTb 110 JIMHUM,
COOTBETCTBYIOIICH Teorpaguieckoil mmpoTe Mecta HaOmoaeHUs. JInHus
BhIpE3a HAKJIAJHOrO Kpyra OyaerT wH300paxarb JIMHUIO TOPH3OHTA.
3BE3AHYI0 KapTy M HAKIAIHOW KpYr HakJIeHTh Ha KapToH. OT ora K
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HUTD, MMOKaXeT

CEBEpY HAKIAJHOTO Kpyra HAaTSHYTb
HanpasjieHue HEOECHOTO MepHInaHa.

Ha xapre:

. 3BE31bI MMOKA3aHbl YEPHBIMU TOYKAaMH, Pa3Mepbl KOTOPBIX
XapaKTEPU3YyIOT APKOCTb 3BE3N;

. TYMaHHOCTH 00O3Ha4Y€HbI INTPUXOBBIMU JINHUSIMU;

. CEBEPHBIH MOIIOC MUPA N300paKEH B LIEHTPE KapPThI;

. JUHUHM, HNCXOIAIIME OT CEBEPHOr0 IIOJIICa MHpa,
IIOKA3bIBAIOT PACIIOIOKEHUE KPYroB cKiIoHeHus. Ha 3BE€31H0M KapTe 11

IBYX ONMMKAMIINX KPYrOB CKJIOHEHUS YTIIOBOE PACCTOSIHUE paBHO 1 4;

KOTOpas

. HeOecHble mapamienu HaHeceHsl uepe3 30°. C wux
MIOMOIIBIO MOYKHO TTPOU3BECTH OTCUYET CKIIOHEHHE CBETHUII J;
. TOYKH TCPCCCUCHUA OKIUITUKHU C DOKBATOPOM, IJid

KOTOpbIX TmpsiMoe BocxoxaeHue O u 12 4., Ha3pIBaAlOTCA TOYKAMU
BECEHHETO g U W paBHOJEHCTBHIA;

. M0 Kparo 3BE3THOW KapThl HAHECEHBI MECAIbI M YHCia, a
Ha HAKJIaIHOM KPYT€ — Yachl;
. 3CHUT pACIOJIOKEH BOJW3M IIEHTpa BbIpe3a (B TOUYKE

nepeceueHus] HUTH, M300paxaronieil HeOeCHbI MepuauaH ¢ HeOeCHOM
napajuleNnblo, CKJIOHEHHE KOTOpPOH paBHO reorpaduyeckoil mupore
MecTa HaOTIOACHHUS).


http://infofiz.ru/images/astron/lk/pr1/pr1astr-1p.jpg
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NOABHXHAS KAPTA 3BE3JIHOI0 HEBA
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Jisi  ompenesieHUs] MeCTONOJIOKEHHS HeOEeCHOro CBeTHJia
Heo0X0UMO Mecsill, YHMCJI0, YKa3aHHOe Ha 3BE3IHON Kapre,
COBMECTHTH € YACOM HAOII0IeHHs HA HAKJIATHOM KpYyTre.

HeGecHblii  skBaTOp — Oonbwioti  Kpye HebecHoUu  cghepul,
NI0OCKOCMb KOMOPO20 NEPNEHOUKVIAPHA OCU MUpa u coenaoaem c
nI0CKOCMbI0 3eMH020 IKkeamopa. HeGecHbIl IKBAaTOp AETUT HEOECHYIO
chepy Ha J1Ba TONyMIApHs: CEBEPHOE TONyIIapHe, C BEPIINHOW B
CEBEPHOM IOJIIOCE MHUpPa, U I0KHOE MOJyIIapHe, ¢ BEPIINHON B I0KHOM
noitoce Mupa. Co3Be3us, uepe3 KOTOpbIe TPOXOTUT HEOECHBIH SKBATOD,
HA3bIBAIOT OJKBAaTOPHAIbHBIMHU. Pa3nuyaioT co3Be3nus I0XKHBIE U
CEBEpHEIE.

& Anenc Commua

Touna seceHero
PaRHORGMCTEHA

5 3
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Co3Be3nust  CeBepHoro mnoiaymapus: bonbmas wu  Manas
Mensenunbl, Kaccuones, Iledeit, dpakon, Jlebens, Jlupa, Bonomac u
ap.

K 1oxsabiM otHOcsaTca FOxubiii  Kpect, IlentaBp, Myxa,
KeprBennuk, FOxHbIl TpeyronbHUK.

IMonwoc Mupa — mouxa Ha HebecHoli chepe, 80Kpye KOmopou
NPOUCX00Um  8UOUMOE CYMOYHOE OBUICEHUe 36630 U3-3a 8PAUCHUs.
3emnu 6okpye ceoeu ocu. HanpaBnenue Ha CeBepHBIM MOJIIOC MHpa
COBIIAJIAET C HANpaBJeHHEM Ha reorpaduueckuii cesep, a Ha HOXHBIN
MOJTIIOC MHpa — C HarpaBjeHueM Ha reorpaduueckuii ror. CeBepHBIi
MOJIOC MHUpa HaxoAUTCA B co3Be3auu Manoi Measeauusl ¢
MOJIIPUCCUMON (BUIUMAs sSpKasi 3B€3/1a, HaXOIIAsACs Ha OCH BpallleHUs
3emnn) — IlonsipHO# 3Be3/10M, 105KHBINH — B c03Be3quu OKTaHT.

TyMaHHOCTb — YUacmox MexNc38E30HOU cpedbl, GblOEAIOUSUNCS
CBOUM U3TYYEHUEM UTU NO2TOUjeHUeM U3IYUeHUs Ha obwem ¢one Hebda.
Panee TymMaHHOCTSMHM Ha3bIBaId BCAKWW HEMOJBWXHBIM Ha HeOe
npoTsoKEHHBI  00BbekT. B 1920-e TOABI BBIACHWIOCH, YTO CpEau
TYMaHHOCTEH MHOTO TajakTUK (Hampumep, TyMaHHOCTH AHAPOMEIHI).
[Tocrme 3TOrO TEPMUH «TYMaHHOCTB» CTajl MOHMMAThCA Ooyiee y3KO, B
YKa3aHHOM BBIIIE€ CMbICIE. TyMaHHOCTH COCTOSAT W3 TbUIM, Ta3a M
JIa3MBl.

IKJIMNTUHKA — O0NbUWOU KpYe HebeCHOU cgepbl, no KOmMopomy
npoucxooum  euoumoe 200uunoe osudcerue Conuya. ITIIOCKOCTH
SKJIMIITUKH — TUTOCKOCTh oOpamenus 3emun Bokpyr ConHia (3eMHOM
OpOUTHI).

B 3aBucumoctu ot Mecta HaOnroAarens Ha 3emiie MEHSETCS BUI
3BE3IHOT0 Heba M XapakTep CYTOUYHOTO JABWXKEeHHs 3Be3l. CyTouyHbIE
MyTH CBETHJI Ha HEOECHOUW cdepe — O3TO OKPYKHOCTH, IJIOCKOCTH
KOTOPBIX TapaJuIeTbHBI HEOECHOMY SKBATOPY.

PaccmoTpuM, kKak M3MeHsieTCs BHUJ 3BE3HOTO Heba Ha MOJIocax
3emnn. Ilomoc — 3TO Takoe MeCTO Ha 3€MHOM IIape, IZleé OCh MHUpa
COBMAJACT C OTBECHOM JTMHUEH, a HEOSCHBIN AKBATOP — C TOPU3OHTOM.



lopuaoHT

Jnis HabmonaTens, Haxoasmerocss Ha CeBepHOM MONIOCe 3eMITH,
[TonsspHas 3Be3ma OyjaeT pacmoyiaraTbCsl B 3C€HHTE, 3BE3IBI OyIyT
JBUIaTbCA IO KpyraM, IapaulelIbHbIM MaTeMaTU4eCKOMY TOPU30HTY,
KOTOPBIA COBMAJAET ¢ HEOECHBIM 3KBaTOpOoM. [Ipu 3TOM Ha/I TOPU30HTOM
OyIyT BHUIHBI BCE 3BE3MBI, CKIOHEHHE KOTOPBIX TOJOXKUTEIBHO (HA
HOxxHOM moOIIOCE, HA00OPOT, OYIYT BHJHBI BCE 3BE3JIbI, CKIIOHCHHE
KOTOPBIX OTPHIATENFHO), a WX BBICOTA B TEYCHHE CYTOK HE Oyzer
U3MEHSTHCS.

IlepemecTuMcsl B IPUBBIYHBIE JUIS1 HAC CPENHUE LIMPOTHL. 3IECh
y’K€ 0Chb MHpa W HEOCCHBIN 3KBAaTOP HAKIIOHEHBI K TOpH30HTY. [ToaTOMY
U CYTOUHBIE IyTH 3BE3J Takke OyIyT HAKJIOHEHBl K TOPU3OHTY.
CrnenoBarelbHO, Ha CpeAHMX IIUPOTaX HAOIIOJATEeNlb  CMOXKET
HAOJIIOAaTh BOCXOISIINE U 3aXOISIINE 3BE3IEL.

IHox BocX0AOM nonumaemcs se6leHue nepeceyeHus Ceemuaiom
B0CMOYHOU YACU UCMUHHO20 20PU30OHMA, d O] 3aX0A0M — 3aNAa0HOL
uacmu 3mo2o 20pu3oHmda.

IToMumo 3TOrO, 4acTh 3BE3J, PACHOJIATAIOIIUXCS B CEBEPHBIX
OKOJIOTIOJISIPHBIX ~CO3BE3AMSIX, HHUKOrIa He OyIyT OIycKaThCs 3a
ropu30HT. Takue 3BE3/1bI IPUHATO HA3bIBATh HE3AXOAAIMMHU.

A 3BE311bI, pacnoyioKeHHbIe OKoJIo KOxHOro mosmtoca mupa st
HaOIII01aTeNsl Ha CPETHUX MIUPOTaX OYIYT SBISTHCS HEBOCXOASIIIIMMM.

OtnpaBuMcsl Aanblile — Ha 3KBaToOp, reorpaduyeckas MUpoTa
KOTOPOrO0 paBHA HYJIO. 371eChb OCb MHpa COBHAAAeT C MOJYIACHHOM
JUHUEH (TO €CTh pacrojaraercsi B TNIOCKOCTH TOPU30HTA), a HeOECHBI
SKBATOP MPOXOAUT YEPE3 3CHUT.



CyTounble Iy TH BCEX, 6e3 UCKJIIOUECHHS, 3BE3 ]
NePNEHANKYISIPHBl TOPU30HTY. [lo3TOMy HaxXxomsch Ha JKBaTOpE,
HAOIIOIaTENIb CMOXKET YBUICTh BCE 3BE3JBI, KOTOPHIC B TEUCHHE CYTOK
BOCXOJIAT U 3aXOIAT.

Boobmie, m1g Toro, 4To00bI CBETHIO BOCXOMHWIO M 3aXOIMIIO, €TO
CKJIOHEHHE TII0 aOCOJIOTHOM BEJIWYMHE JOJDKHO OBITh MEHBIIIE,

161 <90°— o

18] = 90°— ¢
Ecnu , To B CeBepHOM TMOJylIapuud OoHa OyjeT
SIBASIThCS He3axoasmen (11 KOxHOoro — HeBOCXOoAsIIei ).
Torma OUYEBUJTHO, 4TO T CBETHIIA,

18] =90°— ¢

KOTOPBIX , SIBJISIFOTCSL HeBocxoaamuMu i CeBepHOro
noayuapus (WM HezaxonsaummMu st KOxxHoro).

JKBATOPHAJIbHASI CHUCTEMA KOOPAMHAT — 9M0  cucmema
HebeCHbIX KOOpPOUHAm, OCHOBHOU MNJIOCKOCMbIO 6 KOMOPOU A6IAemcs
NII0CKOCMb HeDecHo20 IKeamopa.

JKBaTOPHAJIbHbIE HeOeCHbIC KOOPAMHATHI:

1. CkJiionenme (0) — yenosoe paccmosaunue ceemuia M om
HebecHo20 9K68amopd, UumMepeHHoe 6001b Kpyea ckaoHeHus. OOBIYHO
BbIpaXaeTcsi B TIpajgycax, MUHYTax H cekyHaax nayru. CkiioHeHHe
MOJIOKUTEIHHO K CEBEPY OT HEOECHOTO PKBATOPA M OTPHUIIATEIHHO K IOTY

LS

CKJIOHCHHEC

or Hero. OOBEKT Ha HEOECHOM »JKBaTope wHMeeT CckiIoHeHune 0°.
CkJlOoHEHHE CeBEepHOro Tmojoca HebecHOW cdepel paBHOo +90°
CKJIOHEHHE 10KHOTO MoJroca paBHo —90°.

2. [Ipsimoe Bocxo:kaeHHE CBETHIIA (0) — V21080€e paccmosiHue,
UMepeHHoe B6001b HebecHO020 JKeamopa, Om MOUYKU BEeCEHHEe20
PABHOOEHCMBUsL 00 MOYKU NepeceyeHusi HeDeCH020 3K8Amopa ¢ Kpyeom
CKJIOHEeHUs ceemua.

IlocnenoBaTeIbHOCTH BHINOJHEHHS MPAKTHYECKOH PadoThI:

3amauyu npaKkTu4ecKoii padoThbI:

3agauya 1. Onpenenute 3KBaTOpHAIbHBIE KOOPAMHATHI AJbTanpa
(o Opna), Cupuyca (o bonsmioro Ilca) u Beru (o JIupsr).

3agaua 2. Mcnonb3ys kapTy 3BE3AHOrO HeOa, HAUAUTE 3BE3/Y IO
e€ xoopauHataM: 0 = +350; o= 14 6Mm.

3agaua 3. Onpenenure, Kakoil sBusercs 3Be3aa 6 Ctpenblia, s
HaOmromaTens, Haxojsmero Ha mupore S50 15. Omnpenenuts,



BOCXOHHLHeﬁ 1501050 HGBOCXOHHH{Gﬁ ABJISICTCA 3BC3/1a ABYMA CHOCOGaMI/IZ C
MCIIOJIb30BaHUEM HAKIJIAJHOTO Kpyra MOABUKHON KapThl 3BE€3JHOTO Heba
U C UCTOJIBb30BaHUEM (POPMYIT YCIOBUS BUAUMOCTH 3BE3/I.

IIpakTuyeckunii cnoco6. Pacnonaraem mNOABMXKHBIM Kpyr Ha
3B€3,Z[HOI>'I KapT€ W HOpu C€ro BpallCHHUU OIPCACIIACM, ABJISICTCA 3BC34a
BOCXOJISIIIEH UM HEBOCXOISIIIEH.

Teopernuexnii crocod.

Hcnonb3yeM GhopMyIibl yCIOBUS BUTUMOCTH 3BE3;

6] <90°— ¢ 3
EC.HI/I , TO 3B€3Ja ABJIICTCA BOCXOOAIICHU U
3aXOSIIICH.
16] =90°— ¢
Ecmn , To 3Be3na B CeBepHOM MOJIyIIApUHU
SIBJISIETCST HE3axX0qA1Ied
6] =90°— ¢
Ecnu , To 3Be3na B CeBepHOM MOJyHIapUU

SIBJISICTCS HEBOCXOISIIICH.

3agaya 4. YcTaHOBUTH TOJBMKHYIO KapTy 3BE3MHOTO Heba Ha
JIeHb W 4Yac HaOJIOJICHWS W Ha3BaTh CO3BE3MMsI, PACIOJOKEHHBIC B
I0O)KHOM YacTH HeOa OT TOpPH30HTa JIO TMOJIF0cCa MHUpPA; Ha BOCTOKE — OT
TOPU30HTA JI0 TOJIF0CA MUPA.

3anaua 5. Halitu co3Be3niusi, pacroyiOKEHHBIE MEXIY TOYKAMH
3amaga U cesepa, 10 okrabps B 21 uac. IlpoBepuTh NpaBHIBHOCTH
OTIpeIeTICHUST BU3yaJIbHBIM HAOIIOJIEHUEM 3BE3THOTO Heoa.

3amaya 6. Haiittu Ha 3BE3AHONM  KapTe co3Be3Oust C
0003HAaYCHHBIMH B HHX TYMAHHOCTSMH W TPOBEPUTH, MOXHO JH HX
HAOII01aTh HEBOOPYKEHHBIM TJIa30M IJIa30M Ha JICHb M YaC BBIMOJTHCHHUS
nabopaTopHO PabOTHI.

3apava 7. Onpenenutb, OyayT JU BUAHBI co3Be3nus JleBbl, Paka.
BecoB B moiHOub 15 centsOps? Kakoe co3Besnue B 3TO ke BpeMs OyAeT
HAXOJUTHCS BOTM3M TOPU30HTA Ha ceBepe?

3agaua 8. Onpenenuth, Kakue W3 MEPEUUCICHHBIX CO3BE3IMI:
Manass Mensenuua, Bononac, Bosunuuii, OpuoH - 1 Bamei mmpoThl
OyIlyT HE3aXOISAIMIUMH?

3agaua 9.Ha kapre 3B&3mHOrO Heba HAUTH NATH JTHOOBIX
MepeUYrCICHHbIX co3Be3auii: bonpmas Mensenuna, Manas Menpeauna,
Kaccuones, Aunpomena, Ilerac, Jlebenp, Jlupa, I'epkynec, CeBepHas
KOpOHAa — ® ONpEACIUTh MNPUOMMKEHHO HEOECHBIE KOOPIUHATHI
(CKJIOHEHHE, U TPSIMOE BOCXOX/ICHHUE) a-3BE3/] STUX CO3BE3/IUM.

3agauya 10. OnpenenuTb, Kakue CO3BE3IUS OyAyT HAXOIUTHCA
BOM3H ropu3oHTa Ha Cesepe, I0re, 3amane u BocToke 5 Mas B TOJIHOYb.

KoHTpoJibHbIEe BOMPOCHI /IS 3aKpelUIeHUus] TeOPeTHYeCcKoro
MaTepHuaia K NPaKTHYeCKOMY 3aHATHIO:

1. Uro takoe 3BE3mHOC HEOO? (38€30HO€ HEDO - MHONCECMBO
HebecHblX ceemu, eUOUMbIX ¢ 3emau HOublo, Ha HebecHom ceode. B
SACHYIO HOYb YeN08eK C XOPOUlUM 3peHuem ysuoum Ha Hebocgooe He
bonee 2—3 mulcau mepyarowux mouek. Teicayu nem HA3a0 OpesHue
ACmpoHOMbL pazoenunu 38e30Hoe Heb0 HA 08eHA0UaAmb CeKmopos U
NPpUOYManu UM UMeHAd U CUMBOJIbl, NOO KOMOPbIMU OHU U38ECHbL U
nomuwviHe.)

2. Uto Takoe co3pe3nusa? (Cozge3dus - yuacmku, Ha KOmMopvle
paszoenena HebecHas cgepa 011 yY00OCMBA OPUESHMUPOBAHUS HA
36¢30HOM Hebe. B Opesnocmu cozeezousmu Ha3wleanucb XapaxmepHvie
Queypol, obpazyemvie apruMuU 36E30amu. )

3. CKONbKO Ha CETOAHAIIHUN AeHb co3Be3auii? (Cecoous ecmv 88
cosge3outi. Co36e30ust pasiudHbl N0 3AHUMAEMOL NIOWA0U HA HeDeCHOU
cghepe u konruuecmasy 36e30 6 Hux.)

4. TlepeyuciuTh OCHOBHBIC CO3BE3AMsSI WJIH T€, KOTOPHIE BBI
3naere. (Cywecmsyrom oOonvuiue cozee3ouss u maneHvkue. K nepsviu
omnocames bonvwas Meoseouya, I'epxynec, Ilecac, Boooneti, Bononac,
Anopomeoa. Ko emopwim - FOoxucuwiii Kpecm, Xameneon, Jlemyuasn Puviba,
Manwiii Iléc, Pauckas Ilmuya. Kowmeuno, mvl Hazeanu Iutdb MAanyio
MOAUKY, HAuboIee u36ecmmuole.)

5. Uro Takoe kapta HeOa? ( Dmo uzobpasxcenue 36€30H020 Heba
unu e2o yacmu Ha niockocmu. Kapmy neba acmponomst pasoenunu na 2
Yacmu: 10JCHYIO U Ce8epHYIo (N0 aHano2uu ¢ NOIYUApuamu 3emuu.)

6. Uro Takoe HeOecHbIli skBaTop? (Porvwioii kpye HebecHOl
cghepbi, NIOCKOCMb KOMOPO20 NePREeHOUKVAAPHA OCU MUPA U cO8nadaem
€ NILOCKOCMbIO 3eMHO20 IKEAMOopd.)

ITo oxoHYaHMI0O NPAKTHYeCKOH PadOThI CTYAEHT [0JIKEH
NPeACTABUTDH OTYET.

OTuér MOMKEeH BKIIOYATh OTBETHI Ha BCE YKa3aHHBIC ITYHKTHI
MOPSAJIKA BBITIOJHEHHS paOOThI U OTBETHI HA KOHTPOJIbHBIE BOIPOCHI.

Cnucoxk nurepatypsl

1. AcrtpoHomus: yueOHUK 115 Ipod. 0Opa3oBaT. opraHu3anui /
[E.B. Anekceesa, [1.M. CkBop1ios, T.C. @emenko, JI.A. lllecrakosa],



nop penakuueit T.C @emenko. — M.: U3gaTenbCckuii HEHTP
«Axanemus», 2019 — 256¢

2. Boponuos-BenbsmunoB b. A., Ctpayt E. K. «Actponomus. 11
KJIaccy». YUeOHHK C 3JIEKTPOHHBIM IpuiiokenueM — M.: Jlpoda, 2019

IpakTnyeckas padora Ne 2 «3akonbl Keruiepa. Onpenesienne Mmacc

He0eCHBIX TeJ»

Tema: 3axonnl Kennepa. Onpenenenne Mmacc HEOECHBIX TeT

Ilenwy 3anamua. OCBOUTb METONMKY PELICHUS 3a/1a4, UCIOJIb3Ys
3aKOHBI ABUKCHUA ITJIaHCT.

Teopernyeckue cBeeHUsA

[Ipun pemieHnu 3a1ay HEU3BECTHOE ABUIKEHUE CPABHUBAETCS C
yK€ H3BECTHBIM NYyTEM NpuMeHeHus 3akoHOB Kemepa u dopmyn
CHHOJMYECKOT0 IIeproJia 0OpaleHus.

ITepsrlii 3akoH Kenuiepa. Bee miiaHeTsl ABMXKYTCS 10 AJUIUIICAM,

B 0HOM M3 (hOKYyCOB KOTOporo Haxoautcs CoJHIe.



Bropoii 3akon Kenuiepa. Paguyc-BeKTop IJIaHEThI ONUCHIBACT B

paBHbIE BpeMEHa paBHbIE IUIOIIAIH.

i T a/

Tpernii 3akon Kenuepa. KBagpats!l BpemeH oOpalieHus MmiaHeT

OTHOCSITCS KaK KyObl OOJIBIITUX MOTyOCel X OpOUT:

Jliist onipenenieHust Macc HeOECHBIX TeJl IPUMEHSIOT 0000 EHHbLIL

mpemuii 3axon Kennepa c yaéToM CHJT BCEMUPHOTO TATOTCHHS

2 3
' M+m g

2 3
L'M,+m a

rae Miu M -Macchl Kakux-In00O HEOECHBIX TElI, a M1 M my -
COOTBETCTBEHHO MACCHI UX CITyTHHKOB.

O600ménnpIii TpeTuit 3akoH Kemepa mpuMeHHM W K JIPYyTUM
CUCTeMaM, Hampumep, K [BIKEHHUIO IaHeThl BOKpyr ConHua Hu
CIYTHHUKA BOKPYT IUTAHETHL. J[JI 3TOro CpaBHHUBAIOT ABWKEHHE JIyHBI
BOKPYr 3eMJIM C JBI)KEHHUEM CITyTHHUKAa BOKPYT TOW IUTAHETHI, MaccCy
KOTOPOI OMpeNesstoT, U MNPy ATOM MaccaMH CIIyTHUKOB B CPaBHEHUH C
Maccoil IEHTpPaJIbHOTO Tena mpeHeOperaroT. [lpu 3TOM B HCXOIHOM
dbopMylie MHIEKC HAJO0 OTHECTH K ABMXEHUIO JIyHBI BOKpYr 3emin
Maccol , a UHJEKC 2 —K JBHMKEHHUIO JTIO0O0T0 CITyTHHUKA BOKPYT TUIAHETHI

Maccoii . Torna mMacca miaHeThl BEIUUCISIETCS 10 hopMyIie:

[ =)

3
Mﬂ:i.i

M ..
o ®:
I a;

rne Tou on- mepuox u OoJblIas MONIYOCh OPOWTHI CITyTHHKA
mianeTsl , M@ -macca 3emin.

@DopMyIIbl, OTIPENENSIONIME COOTHOLICHUE MEXKIY CHIECPUYECKUM
(3B&3mHbIM) T M CHHOIMYECKMM MEpHOAAMH S IUIAHETHI U MEPUOIOM
oOpateHns 3eMIu , BBIPAKCHHBIMH B TO/1aX WM CYTKaXx,

a) JUIs BHEIIHEH MaHeTs! (opMysia UMEeT BUJI:

1 1 1

Gl

0) IJ1s1 BHYTPEHHEH TJIaHETHI:



g | 1

b T S

BbinosiHeHune pa6oTsbl

3aganme 1.3a xakoe Bpems Mapc, Haxopsmuiics or ConHua
MPUMEPHO B TIOJITOpa pas3a, 4eM 3eMJisd, COBEpIIACT MOJIHBIH 000pOT
BOKpyr CoJiHia?

3aganue 2. Beruncnuts Maccy Onurepa, 3Hasi, 4TO €ro CIIyTHHUK
Ho cosepmaer 000poT BOKpYr miaHeTsl 3a 1,77 cyTok, a Oomblias
MOJIyOCh €r0 OpOUTHI — 422 TBIC. KM

3ananme 3. [IpoTUBOCTOSHUSI HEKOTOPOU TJIAHETHI TOBTOPSIOTCS
yepes 2 roga. YeMy paBHa 00bIas MoIyock €€ opouThI?

3aganue 4. Onpenenure Maccy IIaHEThl YpaH (B Maccax
3emuin), €ciau M3BECTHO, YTO CIYTHUK YpaHa Turtanus oOparmaercs
BOKPYT HETO C MEPUOJOM 8,7 CyT. HA CPETHEM PACCTOSAHUU 438 THIC. KM.
JUISL JIyHBl 3TU BEJIUYMHBI PAaBHBI COOTBETCTBEHHO 27,3 cyT. u 384 ThIC.
KM.

3ananme 5. Mapc pgansmie ot CosHia, yem 3emis, B 1.5 pasza.
KaxoBa mpomomkutenbHOCTh Toa Ha Mapce? OpOuTHI TIJIaHET CUUTATh
KPYTOBBIMHU.

3apanue 6. Cunoguueckuid mnepuojy 1iaHeTsl 500 CyTOK.
Onpenenure OONBIIYIO TIOTYOCh €€ OPOUTHI U 3BE3AHBIN (CHICPUICCKUT)
nepuo1 0OpaIieHusl.

3aganme 7. Omnpenenuts mnepuoJ oOpamieHus acTepouia

Benopyccust ecnu 60bIIast moyock ero opouTsl  a=2,4 a.e.

3ananue 8. 3BE3mHBIN mepuojn oOpamenus HOmuTepa BOKpyT
Comuna T=12 ner. KakoBo cpennee paccrosinue ot HOmnurepa 1o
Comnana?

IIpumepsl pemrenus 3agay 1-4

3aganue 1.3a xakoe Bpems Mapc, Haxoasmuiics or ConHua
MPUMEPHO B TIOJITOpa pas3a, 4eM 3eMJIs, COBEpIIAeT IMOJHBIA 000OpOT

Bokpyr CosHiia?
Sazamme] tsax0n Kemiep: L=
aj1anne 1. /19 pemeHHs 337170 HCTIOMb3YeM TPeTHH 3ak0H Kemltepa: — = —
o U
Jao:

a=15az¢,

s =1 4.

e £

v

Har:
I Oteer: Mapc cosepmaeT mo;HEIH 00001 BOKpYT ComTHIla mprMepH0 3a 1,9 roza.

3aganue 2. Beruncnauts maccy tOnurepa, 3Has, 4TO €ro CIyTHUK
Ho cosepraer 0060poT BOKpyr maHeTel 3a 1,77 cyTok, a OombImas

MOJTYOCh €r0 OpOUTHI — 422 ThIC. KM



3agaEne 2. Jl1s pellleHHs 3a0a9H HCIOIb3yeM GopMyITy M, =

. _(27,32)-(4,22-10°)

TaHO: M - ——M_ ~317M,

A TT77)-(3.84-10°) TF ®

M, =1

T=2732cyT. Oteetr: Macca FOmHTepa cocTaBngeT TpHMepHO 317 Macc 3eMIH.

a=3,84-10"kM
T =177 eyr.

a, =4,22-10°xm

HaiitH:
M,-?

3aganue 3. [IpoTUBOCTOSHUS HEKOTOPOH IJIAHETHI ITOBTOPSIFOTCS

yepes 2 roga. YeMy paBHa 00JbIas MoIyoch €€ opoUuThI?

Jamanne 3. HoTBMYIO OAYOCE 0P OHTEI MOKHO ONIPEIeTHTE H3 TPETREr0 3aK0Ha Kemepa:

2 aﬁ ; ; i

Jano: — o= BRI
Ie q iy

2 2 2

S=2toxa 3p&3aubiH nepHoa T HAHIEM H3 COOTHOIIEHHA
len, oli sl L8
Te=IT. s S S R o
g A F R i
(1ae)’ -(2200a)’
(1200)*

Hafiti: a-] a=3 ~1,59a.e.

a,=1a.e.
Oteet: a~1,59 a.e.

3apnanue 4. Onpenenure Maccy IUIaHeTHl YpaH (B Maccax
3emuin), €ciau M3BECTHO, YTO CIYTHUK YpaHa Turtanus oOparraercs
BOKPYT HETO € NMEpUOJIOM 8,7 CyT. Ha CpEHEM pacCTOSIHUM 438 ThIC. KM.

JUISL JIyHBl 3T BEJIUYMHBI PAaBHBI COOTBETCTBEHHO 27,3 cyT. u 384 ThIC.

KM.

3amanwed. PemenHe
Hano:
T*(My+my) o

TI, ~my)

a=438 TeIC. EM

T=8.7¢cyT. ITpenebperad maccaMH THTaHHA H JIVHBL 71 H 1 HOJIYIHM, 9T0
- 3 2 3 2
& 3 438 27,3
ay =384mmckm| ar, =| 2| . Ts .M, M, :[_) ool
ay & 384 8,7
T, =27.3Cyr.
M;=1

Hatita: My -? OTEBeT: 14.6 MAcCEl 3&MIH.

Cnucoxk nureparypsl

2. ActpoHomus: yueOHUK 15t Tpod. 0Opa3oBaT. OpraHu3anui /
[E.B. Anekceesa, I[I.M. CkBopuos, T.C. ®@emenxo, JI.A. lllectakosa],
nox penakuuen T.C @emenko. — M.: 3narensckuil HeHTp
«Axamemus», 2019 — 256¢

2. Boponuos-Benbsamunos b. A., Ctpayt E. K. «Actponomus. 11
KJIacC». YUeOHUK C 3JIEKTPOHHBIM npuiiokenrnem — M.: JIpoda, 2019



IIpakTHyeckas padora Ne 3.

Tema: JIBu:keHHe HeOeCHBIX TeJ TMOJ JdelCTBHEM CHJI
Tarorenusi. OmnpeneneHue Maccbl HeOecHbIX TeJl. JIBH:KeHme
HCKYCCTBEHHBIX CIIYyTHMKOB 3eMJIM M KOCMHUYECKHX aNNapaToB B
Coaneuynoit cucreme. MWMcropuss pa3sBuUTHA  OTe4eCTBEHHOM
KOCMOHABTHKH.

Iesab: pacKpbITh HAYYHBIE OCHOBBI MPAKTHYECKOTO MPUMEHEHUS
3aKOHOB HEOECHOW MEXaHWKHU K IJIAaHUPOBAHUIO U Peau3allid MOJIETOB
HCKYCCTBEHHBIX CITyTHHKOB u KOCMHYECKHX arnmaparos.
OxapakTepu30oBaTh OPOUTHI U KOCMHUYECKHE CKOPOCTH HCKYCCTBEHHBIX
CIIyTHHKOB 3€MJIM, O3HAKOMHUTHCS C HMCTOPHEHl OCBOEHHSA KOCMOCa M
poctmokeausMu CCCP u Poccum B KOCMHYECKMX HCCIICIOBAHHIX,
O3HAaKOMHTBCA C HUCTOpUerd wucciaegoBanus JIyHbl KOCMHUYECKHMMU
anmapaTaMd M B XOJA€ MNWIOTUPYEMBIX TOJETOB; OXapaKTepU30BaATh
COBPEMEHHBI  3Tall  OCBOCHHUS  MEXKIUJIAHETHOTO  MPOCTPAHCTBA
KOCMHUUYECKUMU anmnapaTamu.

TEOPUS 110 TEME 3AHSTUA.

JIBUKEHUE HEBECHBIX TEJ ITOJ JEMCTBUEM CHJI
TATOTEHUSA

1. 3akoH BCEeMUPHOT0 TATOTEHHUS

CornacHo 3aKOHY BCEMHPHOIO TSATOTEHHUS, U3YUYEHHOMY B Kypce
busuku,

Bce TejJa BO BceeneHHON NPUTATMBAKOTCH APYr K JAPYyry ¢
CHJIOH, TPSAMO MPONOPUMOHAJBLHOM TMPOU3BEAEHHUIO HX Macc H
00paTHO NPONOPUHOHATBHON KBAIPaTy PACCTOSTHUSI MKy HUMH:

m i,

F=G—52,
r

rae M1 ¥ M2 — MacChl TCJI, I — PACCTOSHHUEC MCEXKIY HUMH, G—
T'paBUTalMOHHAA ITOCTOsSHHAs.

OTKpBITHIO 3aKOHAa BCEMUPHOTO TATOTEHHS BO MHOIOM
CHOCOOCTBOBAIM 3aKOHBI JIBIKEHHUS IUJIaHeT, CchopMyIHpOBaHHbBIE
Kemnepom, u gpyrue noctukenust actpoHomun XVIIB. Tak, 3HaHue
paccrosaus 10 Jlyasr mo3Boawio Mcaaxky Heromony (1643—1727)
JI0Ka3aTh TOXAECTBEHHOCTh CHIIbI, yaepxkuBaromend Jlyny npu eé
JNBWKEHUH BOKPYI 3€MJIM, W CHJIbl, BBI3bIBAIOLICH MaJCHHE TEJI Ha
3emito.

Benp ecnu cuiia TsyKeCTH MEHSIETCsl OOpaTHO MPOMOPLUOHAIBHO
KBaJlpaTy pacCTOSHMs, Kak 3TO CJIEAyeT M3 3aKOHAa BCEMHUPHOTO
Tarotenus, 1o JlyHa, Haxoasamascs oT 3eMJIM Ha PaCCTOSHUM PUMEPHO
60 e€ paanycoB, JOJKHA UCIIBITHIBATh yckopeHue B 3600 pa3 MeHblee,
4eM yCKOPEHHE CHITBI TSKECTH Ha TTOBEPXHOCTH 3eMitH, paBHoe 9,8 m/c?.
CrenoBaTenbHO, yckopenue JIyHsl 10mkHO cocTapisath 0,0027 m/c?.

B 10 e Bpems JlyHa, kak 1r000€ Te0, paBHOMEPHO JIBHKYIIIEECS
10 OKPY’KHOCTH, UMEET YCKOPEHHE

a= o,

rze ® — yrioBas ckopoctTh JIyHsl; I — panuyc e€ opoutsl. Ecnu
CUHMTaTh, yTO paauyc 3emun paBeH 6400 kM, TO paguyc JTyHHOU OpOUTHI
OymeT cocTapiaTh I = 606 400 000 m = 3,84¢108 M. 3Bé&3mubli Tepuosn
obpamenns JIyasl T = 27,32 cyToK, B ceKyHmax coctaBister 2,36+10° c.
Torna yckopenue opOUTanbHOTO 1BUXKEeHUS JIyHBI

) [ 2-314
7) 7 1236-10¢

PaBeHCTBO ATHX [BYX BEJIMYUH YCKOPEHHUS [IOKA3bIBAET, UTO
cwia, yaepxuBatomas JlyHy Ha opOuTe, €cTh CHJIa 3EMHOTO
MpUTSDKEHUs, ocnadiennas B 3600 pa3 mo CpaBHEHUIO C JCHCTBYIOIICH
Ha TIOBEPXHOCTH 3EMIIH.

MoxxHo yOenuThCs M B TOM, YTO MPU JABHKEHUU TIUIAHET, B
COOTBETCTBUM C TpeTbUM 3akoHOM Kemiepa, HX yCKOpeHHE U
NehcTByIomas Ha HUX cwia npursbkeruss  ConHia  0OpaTHO
MPOIMOPIIMOHANILHBI KBAJPaTy PACCTOSHUS, KaK 3TO CIEAYyeT U3 3aKOHA
BCEMUPHOIO TAroTeHHs. J[eCTBUTENBHO, COTJIACHO TPEThEMY 3aKOHY
Kemuiepa oTHomieHne kyOoB OOJbIIMX THONyoceid opOUT d m KBagpaToB
MepUoI0B 0OpaleHus T ecTh BeIMYMHA MTOCTOSTHHAS:

a=

+3.84+108M=0.0027 m/c?.



d dy d

T—%_T—%_T—%:"':COHST'

YckopeHue miaaHeTbl paBHO

2 _(2d\ 1 _, ,d

a=-7 T d- 4m° T2 -
N3 tperbero 3akona Kemuepa cinenyer

d  const
T2 d?

MO3TOMY YCKOpPEHHE TJIaHEThl PaBHO

a = 4m* « const é

Urak, cuna B3aumopeicTBusi miaHeT U CoJIHIIA yIOBIETBOPSIET
3aKOHY BCEMUPHOTO TSITOTEHUSI.

2. Bosamymienusi B 1Bu:keHUH Tes1 CoJTHEUHOH CHCTEMBbI

3akonbl Kemuiepa cTporo BBINOIHSIOTCS, €CIM PACCMaTPUBAETCS
IBIDKEHHE JBYX wu3oiupoBaHHbIX Ten (ColHIIE W TUIaHETa) IO
JEHCTBUEM MX B3aUMHOTO npuTshkeHus. Opnako B CoJIHEUHOH cucTeme
MJIaHET MHOTO, BCE OHHM B3aUMOJICHCTBYIOT HE TOJIbKO ¢ CoJIHIIEM, HO U
Mexy co0oii. [loaTomy NBHXKEHUE TIAHET W APYTUX TEll HE B TOUHOCTH
nogunHsieTcss 3akoHaMm Keruiepa. OTKIOHEHUS Tel OT JABWIXKEHHUS IO
AJUIATICAM HA3bIBAIOTCS O3MYU{CHUAMU.

Bo3myiienns 3T HeBeNMKH, Tak Kak macca CoyiHIIa ropaszio
0oJIbIlIE MAacChl HE TOJILKO OTAEIIBHOM IIJIAHEThI, HO U BCEX IUIAHET B
neiaoMm. HawmGonpmme Bo3mymieHus B JBwKeHHH Ten CoIHEUHOM
cuctembl BbI3bIBaeT lOmmrep, mMacca xoroporo B 300 pa3 mpeBbllIacT
maccy 3emsin. OcoOeHHO 3aMeTHBI OTKJIOHEHUS aCTEPOHIOB U KOMET IPH
uX mpoxoxaeHun Boau3u KOnurepa.

B  Hacrosimiee BpeMsi  BO3MYILEHHSI  YUYHUTHIBAIOTCS — MpHU
BBIYHMCIICHUHM TIOJIO)KCHHUsI TUIAHET, WX CIYTHHUKOB W JPYTHX TeJ
ConHe4yHOM cHUCTEeMBI, a TaKXe TPAEKTOPUN KOCMUYECKHUX amnmnaparos,
3anmyckaembix st ux wucciaegoBaHus. Ho emé B XIX B. pacuér
BO3MYILEHUN TO3BOJUJI CHeNaTh OJHO M3 CaMbIX M3BECTHBIX B HayKe
OTKPBITHHA «HA KOHYUKE TTepay — OTKPHITHE TuTaHeThl HenTyH.

[IpoBoas oyepenHodd 0030p HeOa B TMOUCKE HEM3BECTHBIX
00bekTOB, Bunvam I'epuiens B 1781 r. OTKpBUI IUIaHETY, HAa3BaHHYIO
BIIOCJIEACTBUU YpaHOM. CHycTs NPUMEPHO IOJIBEKA CTAJI0 OYEBM]IHO,
4yTO HaOII0aeMoe JBUKEHHE YpaHa He COTJIaCyeTcsl C pacUETHBIM Jaxe
IIpyu yd4€re BO3MYLICHUH CO CTOPOHBI BCEX H3BECTHBIX IuIaHeT. Ha
OCHOBE TNPEATNOI0KEHHUSI O HATUUNU ellé OAHON «3aypaHOBOI MJIaHEThI
ObUTH CHENaHbl BHIUMCICHHUS €€ OpOMTHI M TIONOXKEHUS Ha Heoe.
HeszaBucumo papyr ot gapyra 5Ty 3amauy pewmunu Jocon Aodamc B
Anrnmuu u Ypéen/lesepve Bo ®pannuu. Ha ocHoBe pacuéroB JleBepne
HeMenukui actpoHoMm Hozann Ianne 23 centsiops 1846 r. oOHapy X1 B
co3Be3auu Bonones HeusBecTHyro paHee miaHeTry — HentyH. 910
OTKPBITHE CTAJIO TPUYM(OM TeIMOIEHTPUUYECKON CUCTEMBI, BaXKHEHIIINM
MOATBEPKJICHUEM CIIPABEIJIMBOCTH 3aKOHA BCEMUPHOTO TAroTeHus. B
nanpHEHIeM B JABMKEHWHM YpaHa u HenryHa Obutn  3aMeueHBI
BO3MYILIEHHS, KOTOpbHIE CTajdd OCHOBAaHUEM Ul MPEANOIOKEHUS O
cymiectBoBaHuu B ColmHEYHOM cucteMe em€ ogHoi mianetrsl. B 1930 r.
nocje MpocMoTpa 0oJbIIOro KoaudecTBa (otorpaduii 3B€31HOrO Heba
ObU1 00Hapy>keH [LyTOH, KOTOPBIH, KaKk 0Ka3ajoch, SIBISIETCS OJHUM U3
MHOECTBa 00BEKTOB, PACIOI0KEHHBIX 32 opouToi HenryHa.

3. Macca 1 ni1oTHOCTH 3eMJIn

3aKOH BCEMHPHOIO TSITOTEHMsI IMO3BOJWI ONPENEIUTh MAaccy
Harmiei rianetsl. Mcxos U3 3aKkoHa BCEMUPHOIO TATOTEHUSI, yCKOPEHUE
CBOOOHOTO TIa/ICHUS MOKHO BBIPA3UTh TaK:

M
§C Ry

[MoxcraBum B hopMyity M3BECTHBIC 3HAYCHUS ITUX BEIUYHH: ( =
9,8m/c%, G= 6,67°10 " Hem%/kr?, R= 6370 kM — u MOJIyYUM, YTO
macca 3emmu M = 601074 kr.

3Has Maccy M O0BEM 3eMHOrO Iapa, MOXXHO BBIYHCIHUTH €r0
cpenHion MIoTHOCTE: 5,5¢10% kr/M3. C riy6umoit 3a cuéT yBenuueHus
JaBIICHUS U COJICPKAHUS TSDKEIBIX JJIEMEHTOB TUNIOTHOCTH BO3PACTACT.

4. OnpenejieHue Macchbl HeOECHBIX TeJl

bonee Tounas popmyna tpetsero 3akona Kemiepa, kotopas 6bu1a
nonyyeHa HpIOTOHOM, 1a€T BO3MOXXHOCTb OINPEACIUTb OJHY W3
BOKHEUIIINX XapaKTEPUCTUK JHOOOTO HEOECHOro Teima— Maccy.
BeiBenem sty ¢opmyiy, cuurtas (B NEpPBOM MPHOIMKECHUU) OPOHUTHI
TUTAHET KPYyTOBBIMHU.



HyCTB Ba TCIa, 20%(10)1115 (5] MaccChl M1 U m2, B3alMHO
MPUTATHBAIOIINAECS W oOpararonecss BOKPYr oOIero IeHTpa macc,
HAXOMATCS OT LIEHTPA MacC Ha PACCTOSIHUU I'1 ¥ I'2 U 00paIarTcsi BOKPYT
Hero ¢ mepuogoMm T. Paccrosaue mexay ux meHtpamu R =ri1+ r2. Ha
OCHOBaHUH 3aKOHA BCEMHUPHOTO TATOTEHUSI YCKOPEHUE KaXJI0TO M3 ITUX
TEJ PaBHO:

m, m,
a; = Rz.ag_Gﬁ.
VrioBas  CKOpOCTh ~ OOpamieHHs  BOKpYr  IIEHTpa  Macc
= E
COCTAaBJISIET T | Torma  LEHTPOCTPEMHUTENBHOE  YCKOPECHHE
BBIPA3UTCA IJIA KaXXI0ro Teéjia Tak:
_ 4r? _ 4x?

(l'l - F ?‘1. (TE - W ?‘2.
HpI/IpaBHSIB HOqueHHBIe JJIS yCKOpeHI/Iﬁ BI)Ipa>KeHI/I${, BLIpaSI/IB
N3 HUX I'1 U I'2 1 CIIOKUB UX IIOYJICHHO, HOquaeM:

(m +my)  4n2
= ]R:z = (ry+ 1),

G

OTKyJa

T2(m +m,)  4n?
R} G

[TockonbKy B MpaBOil YaCTH 3TOTO BBIPAKEHUS HAXOASATCS TOIBKO
MOCTOSTHHBIC BEIWYMHBI, OHO CIPABEIJIMBO JJsl JTIOOOW CHUCTEMBI JIBYX
TeJl, B3aUMOJICHCTBYIOIIMX IO 3aKOHY TSTOTEHHS U OOpallaroIIuxcs
BOKpYr obOmiero meHtpa wmacc, — ConHIle W IUIaHeTa, IUIaHeTa W
cnyTHUK. Onpenenum maccy ColHIa, 171 3TOTO 3alUIIEM BHIPaKEHUE!

T3 M +my) ~ T3(m, +m,)

3 3
a; a
- rae M — macca CoiHia; mp —
macca 3emun; M — macca Jlynsl; T1 u a1 — mnepuoj obpareHust 3eMiu
BoKpyT CosHia (rox) u 6oJbIas mojayoch €€ opouTsl; T2 U 82 — mepuo
oOpamienus JIlyHsl BOKpyr 3eMin U O0JIbIIas MOIYOCh TYHHOW OPOUTHL.
[IpeneOperass Maccodt 3emsd, KOTOpas HHUYTOXKHO Maja I10
cpaBHeHHIO ¢ Maccoi ComHua, u Maccoil JlyHsl, kotopas B 81 pa3
MEHbILIE MAaCChl 3€MJIH, OTYUYHM:

M _ails

m aTE

[ToncraBuB B (popMyily COOTBETCTBYIOUIME 3HAYCHHS W TPHUHSB
Maccy 3eMiu 3a €IMHUIY, Mbl ToilyduM, 4To COIlHIIE NMPUMEPHO B
333 ThIC. pa3 o Macce OOJbIIIE HAIEH TIJIaHETHI.

Maccel TIaHeT, He UMEIOIIUX CITyTHUKOB, OIMPEACSIOT MO TeM
BO3MYIIICHHUSIM, KOTOPBIE OHHM OKa3bIBAIOT Ha JIBIKCHHE AacCTEPOHJIOB,
KOMET I KOCMUYECKHX alapaToB, MPOJETAIOIINX B UX OKPECTHOCTSIX.

5. lIpuauBbI

[Tox neficTBMEM B3aMMHOTO MPUTSHKCHUS YACTHI] TEIIO CTPEMUTCS
npuHATH GopMmy mrapa. Ecmm 3TH  Tenma BpamarTcs, TO OHH
1epOPMUPYIOTCS, COKUMAIOTCS Y TIOTIOCOB.

Kpome Toro, usmeHeHne wux (OpPMBI TPOUCXOTUT W IO
JICHCTBHEM B3aMMHOTO TPUTSHKEHUS, KOTOPOE BBI3BIBAIOT SIBJICHMS,
Ha3bIBaeMbIC npuiueamu. JlaBHO M3BECTHBIC HA 3eMiie, OHH TIOIYYHIIH
00BSICHEHHNE TOJIBKO Ha OCHOBE 3aKOHA BCEMHPHOTO TSTOTCHHUS.

Otnue 3emnsa

Puc. 1. Cxema JIyHHBIX PUITUBOB

PaccMoTpuM yckopeHus, co3gaBaeMmble HNpUTsDKeHUEM JIyHbI B
Pa3IMYHBIX TOYKax 3€MHOI0 mapa (puc. 1. [Tockonbky
touku A, Bu O HaxonaTcsl Ha pa3iMyHBIX paccTOSIHUSAX oOT JIyHBI,
YCKOPEHMs, CO3/1aBaeMble €€ MPUTSHKEHUEM, OyyT pa3IyHblL.

Pa3HOCTHL yCKOpPEHHIi, BbI3BIBAEMBIX NPHUTSKEHHEM IPYroro
TeJa B JaHHOM TOYKe M B IEHTpe IJIAHeTbl, Ha3bIBaeTcs
NPUJIMBHBIM YCKOPEHHEM.

[TpunuBHbIe yckopeHHs B Toukax A u B HampaBieHsl OT IieHTpa
3emin. B pesynbrare 3emis, U B epBylo odepenb €€ BOAHAs 000J10YKa,
BBITATMBAETCS B 00€ CTOPOHBI MO JIMHUH, COCTUHSIOIEH LEHTPbI 3eMIIu
u Jlynsl. B Toukax A u B Habmiomaercs mnpwiuMB, a BIOJb KpyTa,
IUIOCKOCTh  KOTOPOTrO MEPHEeHAMKYJsSIpHA 3TOM JIMHUM, Ha 3emIe



npOUCXOaUT oTiuB. TsaroreHue CoNHIIA TaKKe BBI3BIBAET MPHIIUBHI, HO
n3-3a OOJBIIEH ero yAaJéHHOCTH OHM MEHBIIIE, YeM BbI3BaHHBIE JIyHOM.
[IpunuBel HAOTIOAAIOTCS HE TOJBKO B THIpochepe, HO U B aTMocdepe U
B TuTOC(epe 3eMIIH U IPYTUX TIIaHET.

BcernenctBue cyrouHoro BpamieHHs 3eMisl CTPEMUTCS yBIIEUb 3a
co0oi1 mpuIIMBHBIE TOPOBI, B TO K€ BpeMs BeiencTBUE TAroTeHus JIyHsl,
KOTOpas oOpamaercs BOKPYI 3eMJIM 3a MECSI], I10JI0Ca IPHIUBOB
JIOJKHA TepeMeliarbcsi 1O 3€MHOM TOBEPXHOCTH 3HAYUTENIBHO
MeneHHee. B pesyibprare MexIy OTpOMHBIMH MacCaMH  BOJBI,
y4acTBYIOIIEH B NPWJIMBHBIX SIBICHUSX, U JTHOM OKEaHa BO3HHUKAeT
npuiuBHOe TpeHue. OHO TOPMO3UT BpalleHHE 3€MIIM U BBI3BIBACT
yBEJIMYEHUE TPOAOKUTEIBHOCTH CYTOK, KOTOpbIE B IMPOILLIOM OBLIN
3HAUUTENbHO Kopoue (5—6 4). Tor ke 3ddexT yckopsier opOuTanibHOE
nBuxkeHue JIyHbl U IPUBOAMUT K €€ MEIJICHHOMY YAAJ€HUIO OT 3eMJIH.
[Ipn sTom npunuBel cO CTOpOHBI 3emiM Ha JlyHe 3aTopmo3mwim €€
BpaIleHUE, ¥ OHa Teneph oOpalieHa K 3emie oJlHON cTopoHOo#. Takoe xe
MEJJICHHOE BpallleHUe XapaKTEePHO JJIsl MHOTHUX CIyTHUKOB lOmuTepa u
npyrux I1uianer. CusbHbIE TPUIUBBI, BbI3bIBaéMble Ha Mepkypuu u
Benepe ConHiiem, MO-BHIMMOMY, SIBISIOTCS MPUYUHON WX KpaiiHe
MEJIEHHOTO BpaIeHHsI BOKPYT OCH.

6. /IBUKeHHMe  HMCKYCCTBEHHBIX
KOCMHMYeCKHX aNnapaToB K MJIaHeTaM

CIYTHUKOB 3emyin W

Bo3MOXHOCTh CO3/1aHUSI HCKYCCTBEHHOTO CIIYTHHKA 3eMJIHI
TEOpPEeTUYECKH 000CHOBAI eIlé
Heroton. OH mokasals, 4To CyHIeCTBYET Takas TOPU30HTAIbHO

HaIpaBJieHHas! CKOPOCTh , TIpU KOTOPOM Teno, majgas Ha 3eMII0, TeEM
He MeHee Ha He€ He ynaaér, a OyJeT HABUTraTbCs BOKPYT 3eMIH,
OCTaBasICh OT HEE HA OJTHOM M TOM ke pacctossHuu. [Ipu Takoil ckopocTu
Teso OyAeT npuOIMKaThes K 3eMyie BCIIEACTBUE € MPUTSIKEHUS KaK pa3
Ha CTOJIbKO, Ha CKOJIbKO M3-3a KPUBU3HBI MIOBEPXHOCTH HAlllel TUIaHETHI
OHO OyzeT oT Heé ynanaTecs (puc. 2. 9Ta CKOpPOCTh, KOTOPYIO Ha3bIBAIOT
MepPBOIl KOCMUYECKOH (MIJIM KPYTOBOM ), U3BECTHA BaM U3 Kypca (PU3UKH:

U= \/9:8 M/c?+6,4-100m =79-10° w/c=7.9 km/c.

Puc. 2. OpOuTa HCKYCCTBEHHOTO CITyTHUKA 3eMIIN

[IpakTuyeckn OCyIIECTBUTH 3alyCK HCKYCCTBEHHOI'O CITyTHHMKA
3eMJIM OKa3ajJoCh BO3MOJKHO JIMIIL Yepe3 JBa C IMOJIOBUHOM CTOJIETHS
nocie oTKpeITHs HptoToHa — 4 okTs10pst 1957 1. 3a Bpemsi, mpomieaiiee
C 3TOTO JHS, KOTOPBIA HEPEOKO HAa3bIBAIOT HAYAJIOM KOCMHYECKOM 3pBbI
Yell0OBEYeCTBA, HCKYCCTBEHHBIE  CIIyTHHUKM  CaMOr0  Pa3JIMYHOTO
yCTpOWCTBA ¥ Ha3HAYeHHWs 3aHUIM BaXXHOE MECTO B  Halei
MOBCEeIHEBHOM K U3HU. OHM 00eCreunBalOT HENPEPHIBHBII MOHUTOPUHT
MOTO/Bl M JPYTHX TPUPOIHBIX SIBICHUW, TPAHCIALUU TEICBUICHUS H
T. 1. CrnytHukoBas HaBuranmoHHasi cucremMa [JIOHACC wu napyrue
CHCTEMBI TTI00aJIbHOTO MO3UIIMOHUPOBAHHUS TIO3BOJISIIOT B JIIOOOH MOMEHT
C BBICOKOW CTEMEHbI0 TOYHOCTH OMPENEIUTh KOOPAUHATHI JII000H TOUKU
Ha 3emute. [loxanyii, HET B HaIIM THU HU OJHOM II100aIbHON POOIeMBI,
B PELIEHUU KOTOPOW HE MPUHUMAIIA y4acCTHE UCKYCCTBEHHBIE CITyTHUKH
3emu (MC3).

Kocmuaeckue anmapatsl (KA), koTopeie HanpasisitoTest K JIyHe u
IUTAaHETaM, UCIBITHIBAIOT NMPHUTKEHHE cO CTOpOoHBI COJNHIIA U COTIACHO
3akoHaM Kemepa Tak ke, Kak U CaMU TUIaHEThI, ABMXKYTCS IO SJUIUIICAM.
CkopocTb BHKEHUs 3eMiH 1o opoute coctasisieT okono 30 km/c. Ecnu
reoMeTpuyecKas cymMma CKOPOCTH KOCMHMUYECKOIo ammapara, KOTOPYIO
eMy COOOIIMIM TpHU 3amycke, U CKOPOCTH 3emiid OyAeT Oojblie 3TOM
BenuuuHbl, To KA Oyner nBuratbcs 1o opoure, Jexariei 3a npeaeinamMmu
3eMHOI opOuThl. Ecniu MeHbIie — TO BHYTpH opOuThl 3emiu. B nepBom
ciy4ae, €ClId ammapar JeTHT K Mapcy (puc. 3.) uinm apyroi BHEIIHEH
IUTaHeTe, SHEepreTHYecKue 3arparbl OyayT HauMeHbIUMH, eciu KA
JOCTUTHET OpOUTHI ATOM IMJIAHETHI IPU CBOEM MAKCHMAJIBHOM yJAJICHUU
or Comama — B adenuu. Kpome Toro, HeoOXoAMMO TaK pacCUHUTATh
Bpemsa crapta KA, 4ToOBI K 3TOMy MOMEHTY B Ty K€ TOYKY CBOECH
opOuTHI mpuiLia riaHera. MlHaye roBopsi, HauajabHasi CKOPOCTh U JICHb



3anmycka KA nomkHbl OBbITH BBIOpaHBl TakuM oOpa3oM, uToObl KA u
IUTAaHETa, IBUTAsICh KaX]IbI M0 cBOEil opOuTe, OJHOBPEMEHHO MOOILIH
K TOYKE BCTpeuu. Bo BTOpoM ciydae — Juisi BHYTPEHHEW IUIAHETHI —
BcTpeua ¢ KA 1o/mKHA TPOM3OUTH B MEPUTEIMHA €ro opouTsl (pucC. 4.).
Takue  TpaeKTOpuM  MOJETOB  HA3BIBAIOTCS NOYILAUNMULECKUMU.
bonpme ocu 3THX AMIcoB mnpoxoasaT uepe3 CodHie, KOTopoe
HAXOJUTCSI B OJJHOM U3 (POKYCOB, KaK M MOJIAraeTcs MO MepBOMY 3aKOHY
Kennepa.

Mapc 3emna
owia KA BMOMEHT B MOMEHT
o® cTapra npmné'cr)a
/ &
3emnga 3emnqa
B MOMEHTA B MOMEHT : 5 B MOMEHT
npunéra KA crapta KA BeHepa crapra K/
B MOMEHT
3emnsa npvnéTa KA Benepa
B MOMEHT — W B MOMEHT
npunéra Op6ura cTapTa

Puc. 3. Tpaekropus nonéra KA k Mapcy
nonéra KA k Benepe

KoncTpykuus u 06opynoBanue coBpeMeHHbIX KA obecnieunBaroT
BO3MOXXHOCTh COBEpPILIEHUS UMM BEChbMa CIIOKHBIX MaHEBPOB — BBIXO]I
Ha OpOMTY CITyTHUKA IUIAHETHI, IOCA/IKa HA MJIAHETY, NepeABIKEHHIE 1O
€€ MOBEPXHOCTH U T. TI.

BbinosiHeHune pa6oThI

BOIIPOCHI JisI CAMOKOHTPOJIA

1. ITouemy nBM)KEHUE IUIAHET MPOUCXOAUT HE B TOYHOCTH II0
3akoHam Kemiepa?

2. Kak ObU10 yCTaHOBIIEHO MECTOMOJIOKEHUE T1aHeThl HenTyH?

3. Kakas w3 muiaHeT BBI3BIBACT HAMOOJBIIME BO3MYIICHUS B
JBIOKEHUH pyrux Ten CONHEYHOM CUCTeMBI U ToYeMy?

4. Kakue tena ColHEYHON CHCTEMBI HCIBITHIBAIOT HAUOOJbIINE
BO3MYILIEHUS U TIoYeMy?

5. [1o xakuM TpaeKTOPHSM JIBHXKYTCSI KOCMUYECKUE anmapaThl K
Jlyne; k nnaneram?

6*. OOBsicHUTE
OTJIMBOB.

Puc. 4. Tpaexkropus

OPUYUHY U TEPUOJUYHOCTh TPUIMBOB U

7*. ByayT nu OAMHAKOBBI MEPHOABI OOpALeHUsT NCKYCCTBEHHBIX
CIYTHHKOB 3emnu u JIyHBI, €cauM 3TH CIYTHHKM HaxomATCi Ha
OJIMHAKOBBIX PACCTOSIHUAX OT HUX?

3ananmue 1
Bonpoc:1TpunuBbl u OTIMBBI HAa 3eMJIE€ BbI3BAHbI

Buvibepume ooun uz 4 éapuanmos omeema:

1) neficTBUEeM CHUJI TATOTEHHS CO CTOPOHBI JIyHBI

2) nIyroUuMMHU BeTpaMu

3) neficTBUEM CHJI TATOTEHHS cOo cTOopoHbl ConHIla

4) BpaieHreM 3eMJIH BOKPYT CBOCH OCH

3aganue 2

Bonpoc: Kakum cnoco6oM MOXXHO HU3MEPUTh Maccy HEOECHOTO
Tena?

Buvibepume neckonvko u3z 4 éapuanmog omeema:

1) mo BTOpomy 3akony Kermepa

2) o TpeTheMy 0000mEHHOMY 3aKkoHy Kermepa

3) nyTéM M3MEepeHMs] CHIIbI TSDKECTH Ha MOBEPXHOCTU JTAHHOTO
HEOEeCHOTo Telna

4) nyTéM B3BELIMBAHUS HA PHIYAXKHBIX BECaX COOTBETCTBYIOIIETO
pa3mepa

3aganme 3

Bonpoc: ConoctaBbTe ONpe/IelIeHNe C MOHSTHEM.

Hszobpadicenue:

Yxaoxcume coomeemcmeue ona écex 3 eapuanmos omeema:
1) [IpunuBHOE TpeHHE
2) IIpunuBHOE yCKOpEHHE
___3amemIsieT CKOpOCTh BpalleHUs 3eMJIH.
[Ipouecc B3aUMOAECUCTBHS ~ MEXIAYy MacCaMH  BOJBI,
Y4acTBYIOUIMMH B NPUIMBHBIX SIBICHUSAX, U JTHOM OKE€aHa, BBHI3BAHHBII
CYTOYHBIM BpallICHUCM 3emMiu 1 BCJIICACTBUEC TATOTCHUA .HYHBI.



_ PasHOCTB yCcKOpEHMI, BBI3BIBAEMBIX IPUTSIKECHUEM APYIrOro
Tea B JAHHOW TOYKE U B IIEHTPE TUTAHETHI.

3ananme 4

Bonpoc: O0bsicHUTE BEIWYHMHBI, BXOJAIIME B (HOPMYJy 3aKOHA
BCCMI/IpHOI‘O TATOTCHUA:

H3zobpadicenue:

- mym, _

=G—3—T
T

Ykaorcume coomeemcmeue ons écex 4 sapuanmos omeema:
HF
2)m
3)r
4)G
___Macca Tena

___paccTosiHuE MEXIy TelaMU
__ TI'paBUTAlITMOHHAA MOCTOAHHAA
___ CcuJia B3aUMOJICHCTBUSA

3aganue S
Bonpoc: Onpenenure maccy CartypHa (B Maccax 3eMiM) IIyTeM

cpaBHeHus cuctembl CatypH-Tutan c cucremoit 3emus-JlyHa, ecim
U3BECTHO, 4TO ciyTHUK CarypHa TUTaH OTCTOUT OT HETO HA PACCTOSTHUU
r = 1220 TteiIc. kXM U oOpamaercs ¢ mepuogom T - 16 cyrtok. [ms
NMoJIydeHus: JaHHBIX O JlyHe BocmoJib3yiTech crnpaBOYHUKOM. OTBET
OKPYTJIUTE JI0 1IeJIOTO YUCIIA.

Hzobpasicenue:

Sanuwume yucno:

3aganue 6

Bonpoc:3akoHunTe npeaoxxeHue:

Bo3myménuev JBM)KEHUEM HEOECHBIX TeJ
Ha3bIBAIOT

Buvibepume neckonvko u3z 4 eapuanmos omseema:

1) peasibHOE ABMKEHHE HEOECHBIX TE

2) OTKJIOHEHHE B IBU)KEHUU HEOECHBIX Tell oT 3akoHOB Kerepa

3) Takoe IBMKEHHWE TeEJ, NPU KOTOPOM OHH, IIOMHUMO CBOETO
IBUKEHMSI, elI€ U BO3MYLIAIOTCS TEM, YTO UM MPHUXOAUTCS UMEHHO TaK
JIBUTATHCA.

4) NBW>KEHHE TEJl, CTPOTo MOoAYMHSIoIIeecs 3akoHam Kerepa.

3aganue 7

Bonpoc:B 4ém cocrout yrouHenwe u o0oOmeHue HproToHOM
nepsoro 3akoHa Kemepa?

Buvibepume ooun us 4 sapuanmos omeema:

1) IMox cumoil TATOTEHWS BCSIKOE TEJIO JBHKETCS TOJBKO IO
AILTUIICY.

2) Ilon cumoit TATOTEHUs! BCSIKOE TEJO JIBHXKETCS MO JIUIUIICY, B
OJIHOM U3 (OKYCOB KOTOPBIX HaxoauTcs ColHIe.

3) Ilom cumoll TATOTEHWS BCAKOE TEJNO JIBIXKETCS IO
KOHUYECKOMY CEUEHHUIO.

4) Tlox cunoi TATOTEHUS BCAKOE TEJO IBHXKETCS IO OKPY>KHOCTH

3ananue 8
Bonpoc:Onpenenure maccy ConHia (B ThICSYaX Maccax 3eMIIH).

Banuwume yucno:
3ananue 9




Bonpoc:B kakom Tene CoTHEUHOW CHCTEMBI COJEPXKHUTCS Ooee 2. Boponuos-Benbsamunos b. A., Ctpayt E. K. «Actponomus. 11
99 % e€ maccsr? KJIacc». YUeOHUK C 3JIEKTPOHHBIM npuiiokenrnem — M.: JIpoda, 2019
Hzobpasicenue:

Cocmasbme cno6o u3 6yKa:

JICIIOHE -
3aganue 10
Bonpoc:11nanera, "oTKpbITas Ha KOHUUKE Iepa’.
3anuwume
omeem:
OTtBeThI:
1) (3 6.) Bepusie oTBeTHI: 1;
2) (4 6.) Bepusbie oTBeTHI: 2; 3;
3) (5 6.) Bepnsie otBetshI: 1; 1; 2;
4) (4 6.) Bepusbie otBeThI: 2; 3; 4; 1;

5) (5 6.): Bepusiii otBeT: 93.;

6) (4 6.) Bepnsie oTBeTsI: 1; 2;

7) (3 6.) Bepnble oTBeTHI: 3;

8) (4 6.): Bepnwsrii oTBeT: 333.;

9) (3 6.) Bepnsie orBetsr: "COJIHIIE".
10) (4 6.) Bepnsiii otBet: "HenTyH".

Cnucok mTepaTypbl IIpakTuyeckasi pa6oraNe 4

3. AcrtpoHoMus: y4eOHHUK It Ipod. 00pa3oBaT. OpraHu3auuii / Tema 3ansiTus: «Onpeneienne JHHEHHBIX Pa3MepoB
[E.B. Anekceesa, II.M. CxBopuos, T.C. ®emenko, JI.A. Illectakosal], COJIHEYHOI0 NMSATHAY.
noa pegakuueit T.C demenko. — M.: M3naTenbckuid HEHTP I1;1aH padoTHI 00YYAIOIIEroCs:

«Axanemus», 2019 — 256¢ 1. [ToBTOPUTH MaTepran MPEAbIAYLIETO 3aHITHUA.



2. BBINOTHUTE NPAKTHYECKYIO pabory Ompenesienue
JIMHEHHBIX pa3MepoOB COJTHEYHOI0 NMSITHA.
(mpakTHuecKyr0  paboTy 3amuchiBaeM B TeTpaab KpaTko u

3aKOHYHUB OTIIPABIISIEM Ha IPOBEPKY):

IIp. p. Ne 4. OnpenesieHne JUHEHHBIX Pa3MepPOB COJTHEYHOIO
nsTHA.

Lenv pabomot.(criicbIBaeM)

Oobopyooeanue’(cniicbiBaeM)

Xo0 padbomeur:

BCE [10 I[IYHKTAM 3AIIUCHIBAEM B TETPAIh U
PE3VJIBTATHI OKPYIJIAEM U
3AITUCBIBAEM B TABJIAL]Y B CTAHJAPTHOM BHJ]E(kax =

nHanucana: nanpumep: 11588, 3(;—2) ~ 12000(:—21) ~ 12-103()%), 3arucarhb

ToabKo 1210%)

1. D=12cm=120mm=120y.e. (IlosicHenme: 3TO nHUAMETP
Connua doro Ha JucTe A4)
2. D1 390 600 kxm D 120 y.e.

m, = 1390 600 kw/120 y.e.= 11588, 3¢C0) = 12000C%) =

12-103(;‘—“:)
(D10 OOBIKHOBEHHAS IPOOB, CITUIITUTE AaKKYPATHO)
3. IIsaTHO, HOMED :
(Be1bupaere caMuNe 1 BEITUCHIBAETE €T0 ¢ (OTO)
4, d= .
(Hanmpumep: 1mm=ly.e. unu 3mm=3y.e.)
5. d/l= d' m/l = (M)

(To uro momyunnu B 4 1. HA0 YMHOXKUTh HA TO YTO UMEETE B I1.2
«103(X%
Ha 1210 (y.e.))
6. d.= (m).

(To, 9To MOMY4YUIOCH B 1. 5 MEpPEBECTH W3 KM. B METPHI, T.C.
yMHOXMTB Ha 1000= 10%)

7.

Mdn?

Su= 2 e G L e L Bt (Mz)z

(I1=3.14, d;,=T0 YTO MOJYYHIIOCH B 11.6)

8. R3 ~6376xm ~6400xM~6,4-10° kM~6,4-10° M

9. S3 = 4n R3 2 = (m?)
= (m?)
J| unei
WHEWH | HBIM I
J| writ mac pil| I1 oma
WaMeTp | IMaMe | ITa | OMEp | MaMeTp [MaMmeTp | JIOIIaab
MOBEPXHOC
Comana | Tp S IISITHA | IISITHA IISITHA
TH 3eMIn
ComnHn | 1300
a pax
E€HUS
D 0 A d S S3,
, y.e. KM | KMy , y.e. M ny M2 M2
.e.
1 1
20 3906 | 210
00 3

OHpCI[CJ'II/ITI) BO CKOJIBKO pa3 OTJIWYAKOTCA IO IIOMAAW IATHO U

BCS TUIOMIA/Ib TOBEPXHOCTH 3emiin 1o popmyre:

St _
s3
BeiBoa:

= (pas)




Ilpakmuueckaa paboma
Onpedenenue TUHENHBIX PA3MEPOE COTHEUHO20 NAMHA

Ilens pabomot:paccmompems homocpaguio conHeuno2o OuUcKka ¢
NAMHAMU U NOJYYUMb NpedcmasieHue 00 UX B03MONCHOU dopme,
KOIUYecmee U pacnoiodiCeHul;, paccuumams JUHelHbll pasmep 100020
NAMHA U CPABHUMDb €20 NI0UWadb ¢ NIowWadblo NOBEPXHOCU NIAHembl
3emns.

Oobopyooeanue:nuneiixa, pomoepaghus Conrnya ¢ namuamu.

Teopus.

[Tarna na ComnHile BHepBbie HaOMOMaM B Teneckon [ammmel B
1610 romy, xots

emé B
HukoHoBckoit
JeTonucu B 1365 u
1371 rojax
roBOpUTCS "OBICTH
3HAMCHUE B
Comnire, MecTa
yepHbl 1o CoiHiy
aKkuy reo3au’.
IIsaTHa -

OoJjiee  XOJIOIHBIE
obnactu
dboTochepsl (c
TeMIIepaTypoun
3500°K).
O6pasoBaHue
MSATEH CBSI3aHO C
MarHUTHBIM TIOJIEM

CouHiza.
Heb6onpmne mstHa
UMEIOT B
MOTIEPCYHHKE
HECKOJBKO  THICSY
KUJIOMETPOB.

Pa3zmepbl KpymHBIX

10 Earth

msareH qocturaroT 100 000 kM; Takue msATHA CYIMIECTBYIOT OKOJIO MEcCsIIa.
[lsaTHa - MecTa BbIXOHAa B arMoc(epy CHIBHBIX MAarHUTHBIX IIOJICH,
KOTOpBIE YMEHBIIAIOT TOTOK SHEPTUH, UCXOsAmIen u3 sapa. CrneacTBueM
3TOTO | SBISICTCS MAJICHUE TEMIIEPATyPhl B MECTaX X BBIXOJIA.

ConHeuyHBIC TSTHA YacTO OOpPa3ylT TPYIIbBI, KOTOPHIE MOTYT
3aHUMAaTh 3HAYUTEIBHYIO TUIOMIA/Ib HA COJIHEYHOM JIUCKE.

Jupiter

@akeabl -- TOpsiuee  aTMocdepsr
npumepro Ha 2000°K, wuMeroT  sUeHcTyIo
CTPYKTYpy ¢ BenumuuHoM sueiiku ~30000xMm.
@Daxenbl 00pa3ylOTCsl B pe3yibTaTe KOHBEKIIMU
u3 riyookux cmoeB ConmHIA ©  MOTYT
CYILIECTBOBATh HEJIEIU U MECSIIBL.

Yacto oOpa3yroTcs 1nesble (akeiabHbIe
noisi.  Buytpu  dakenpHBIX < TONIe  HE
o0s3atensHO  OOpasyrorcs mstHa. CHauama
BHYTpU (haKeTbHOTO MOJI MOSBISIETCS YepHas
TOYKa, KOTOpasi OBICTPO PACTET M 4Yepe3 CYTKH
BO3HHMKAET IIATHO C pe3Koil rpanutieid. Yepes 3-4
THS BOKPYT TMSATHA TOSIBISETCS MONyTeHb. Ha
10-p1if geHB pa3Mepsl TSATHA MaKCHUMAaJIbHBI,
3aTeM OHO YMEHBIIAeTCsd M HMcue3aeT (CHayaia
MCYE3al0T CaMbl€ MEJIKHE IATHA).



ComHeuHble BCHBIIIKY MOX0KHA HA OTPOMHBIE B3PbIBBI, JUISIIHECS
BCETO JIMIIh HECKOJIbKO MHHYT (BBICBOOOXKIIAC€TCS JHEPTHs TOpPsIKA
100 000 munmmapaoB kBt/49ac) Ctonpko Tema nocrymnaeT ot ConHila Ha
3emmto B rof! [IpuyunHbBI BCOBIIIEK MOKA €IIe MI0X0 M3y4deHbl. MHorue
y4€HbIE CYHMTAIOT, YTO OHHM BBI3BIBAIOTCA PE3KUM H3MEHEHHEM
MarHuTHOTO TIOJI B XpoMocdepe.

Xo0 padbomeur:

10. N3meppTe ¢ momonrpto nuHelkn auamerp Comnma D u
3aMUIIUTE TOMYYEHHBIA Pe3ylbTaT B YCIOBHBIX E€IMHHIIAX MacmiTadba
(manpumep, 3HaueHue nuamerpa Comana Bl oy 20 cm = 200 MM
=200 y.e. (yCIIOBHBIX €IMHUIl MACIITa0a)):

D=12cm=120mm=120y.e.

11. 3Has, 4yTo JUHEHHbINH (peanbHblid) auamerp ConHua
npuoimsutenbHo  paBeH  D,=1 390 600 kM, MOXHO paccuMTaTh
JUHEWHBIH MaciiTad M300pakeHus, TO €CThb CKOJBKO peallbHBIX
KUJIOMETPOB COACPKUTCS B 1 yCIIOBHOM equHuUIle MacuTada (3amumimre
MOJIYYCHHBIH MacIiuTal, UCIIOb3Ys CTaHAAPTHYIO 3aKCh YKCIA):

D.1 390 600 kxm
_ _ _ KM, _ KM ~
m, = = 11588, 3(;) = 12000(y_e_)
0103(:™
1210 (y.e.)
D 120 y.e.
12. Brinenute Ha doTorpaduu mATHO, pazMep KOTOPOTO BbI

Oyzaere U3MepsTh, U 3aMUIINTE €ro HOMep B Ta0IHILy:

13.  Ilpubnu3uTenbHO H3MEphTe C TOMOILIBIO  JHHEUKH
nuameTp msaTHa 0 ¥ 3amuIIUTe 3TO 3HAYCHUE B YCIOBHBIX CIMHHUIAX
macmTaba (MM = y.e.): d=

14. Brruncnure nuHEHHBINH AMaMeTp MsATHA 1O (opMmyJe, rae
nuaMetp naTHa d Hanu B 1.4, a M, B IL. 2 -

dﬂ= d' mﬂ = (M)

15. [TepeBenute B cucremy CU manHOE 3HAYECHHE IHUAMETpa
natHa d, (momHuTE, 9To 1KxM=1000M=103M ):

d.= (m).

16.  Bprumcnure mnpuMmepHyro Iwiomaar maTHa Sup(B CH),

Mdn?
CUMTast €ro KPYIIIbIM, MCIIONB3yeM (GOpMyIy Muiomann Kpyra S,=——,

rae [1=3.14 (ucnosb3yiiTe CTaHAAPTHYIO 3aUCh YKCIA):

17.  3anumewm cpennuii paauyc Rz Hameill niaHeTs! 3emis (B
CHN):

R3 =6376xM ~6400M~6,4-10°m

18. PaccunraiiTe miomans MOBEPXHOCTH TUIAHETHI 3EMIIS
(mpuHMMas e€ hopMmy 3a 1map):

Sz3=4n R32=

19. 3aHecuTe BCE IIOJIyYEHHBIE JaHHbIE M pE3yJbTaThl B
CBOJHYIO TaOIHUITY:

HHEUH JI .
o . . WHEHH IIn
J| br1it WHEHHBIN Jil . I1
BIN OIl1a]Ib
uameTp | quame | mMacmrad | uameTp JIOIIA b
IraMe MTOBEPXHO
Comana | Tp n300pax | MmsITHa MATHA
Tp CTH 3eMiIH
Conn | enus
MATHA
na
D m d, S S3,
» KM | 2 KM | y.e. M ny M2 M2




20. Cnenaiite BBIBOJ O IIOJyYEHHBIX pe3ysbraTtax. CpaBHUTE
HOJTyYEHHbIC IUTONIaay COJHEYHOTO ITISITHA W TOBEPXHOCTH 3E€MIIU TI0

Sn
dopmye: i Kakas momazns 6onbiie? Bo ckonbko pa3?
Sn

i = (pa3)

BeiBoa:

Crnucoxk nurepatypsl

4. ActpoHomus: ydeOHUK 11 pod. oOpa3oBar. opraHu3anui /
[E.B. AnekceeBa, I[1.M. Cksopuos, T.C. ®@emenko, JI.A. Illectakosal],
non penakimuedn T.C  ®emenko. — M.: HW3pnarenbckuid UEHTP
«Axanmemus», 2019 — 256¢

2. Boponuos-BenbsmunoB b. A., Ctpayt E. K. «Actponomus. 11
KJIaccy». YUeOHHK C 3JIEKTPOHHBIM IpuiiokenueM — M.: Jlpoda, 2019

IlpakTuyeckasi pabora Ne 5, 6.

Tema 3ausiTHs:

1. 3Be31bI: OCHOBHBIE (PU3UKO-XUMHYECKUE XAPAKTEPUCTUKHI
U UX B3aUMOCBS3b. [0AUYHBII Napajiiake ¥ paccTOSAHUA 10 3Be3/.

2. CBeTUMOCTB, CHEKTP, IBET M TeMIeparypa Pa3iHuYHbIX
KiaaccoB 3Be3d. JPpdexr omuepa. [Imarpamma «cmekTtp —
CBETHMOCTDY» («IBET — CBETUMOCTbH).

Ilnan padoThl 00yUYaKOUIErOCsH:

1. B Terpanu 3anucarh AaTy 3aHATHS U TEMY 3aHATHUS.

2. M3yunth MaTepuain TEMbI 3aHATHUS:

1. 3Be3abl: OCHOBHbIE (PU3HKO-XHUMUYECKHE XaPAKTEPUCTHKH
U MX B3aMMOCBSI3b. [0IUYHBII Napa/UIaKCe M PACCTOSIHUA 10 3Be3/I.

2. CBeTHMOCTb, CHEKTpP, LIBET M TeMIeparypa Ppa3jJM4HbIX
KkjaaccoB 3Besn. JPpdexr [domaepa. [Imarpamma «cmekTp —
CBETHMOCTb» («IIBET — CBETHUMOCTbY»).

https://ppt-online.org/72149




(Jleknuro wm3yuuth oO0s3aTenpHO! Buaeo u mpe3eHTanuMu 1O
JKEJTaHWI0, HO TaM MHTEPECHBIE CBEICHUS. )

3. B rerpanu 3anucarb:

A) 3Be3ga — 3710...

b) llnanera — 370...

B) TI'oan4HbIM MapajiakcoM 3Be3/1bl P HA3bIBAETCH. ...

I') Hauepturs puc. 5.13

) dPopmyna paccTossHUS 10 3B€3Abl B ACTPOHOMHYECKHX

206 265"

CIIMHATIAX P

E) lHapcex — 370...

E) Ceemosoii 200 — >t0

K) 1ok (mapcek) = 3,26 cBeroBoro roma = 206 265a.e. =3 -
1013 kM.

3) CBeTUMOCTBHIO Ha3bIBAETCH...

N) AbGcooTHas 3Bé31Has BeauuuHa M—aro...

K) HayepTuth B TeTpaab M M3Yy4YUTh JUATPAMMY «CIEKTP —
CBETHMOCTbY.

MATEPHAJI IJIA U3YUYEHUSA

PACCTOSAHUA A0
U3JIYYEHUS 3BE3]]

Hame ComnHue crnpaBemayiiBO Ha3bIBAIOT TUIUYHOW 3BE30M, HO
CpeIu OrpOMHOTO0 MHOrooOpasusi Mupa 3BE3] €CTh HEMajo TaKux,
KOTOpBIE 3HAYUTETHHO OTJIMYAIOTCA OT HEro 1Mmo (U3U4ecKum
xapakrepuctukaMm. [loatomy Oosee mojsHOe HpeaCTaBIeHHE O 3BE3/Iax
Ja€T TaKOE ONPEICIICHUE:

3Be31a — 3TO MPOCTPAHCTBEHHO 000C00JIeHHbI,
TPABUTALMOHHO CBSI3aHHBIA, HENPO3PAYHbIA sl H3JIYYeHUs
KOCMHMYECKHMH 00BbEKT, B KOTOPOM B 3HAYHUTEJbHBIX MacmITadax
NMPOMCXOIUIH, MPOUCXOAAT WIH OYAYT NPOMCXOAUTH TePMOsiAePHbIE
peaKI UM NpeBpaLleHUus1 BOAOPOAA B IeJIHil.

ConHule CymIecTBYeT y»K€ HECKOJIbKO MWJUIMAPAOB JIET U Mallo
W3MEHWJIOCh 3a 3TO BPEMs, TOCKOJIBKY B €ro Heapax BCE eI
MPOUCXOAAT TEPMOSIACPHBIE pEaklUUH, B pe3yJbTaTe€ KOTOPBIX U3
YeTBIPEX MPOTOHOB (sAep BOAOpOAa) oOpasyeTcsi anbda-dactuna (SApo

3BE31. XAPAKTEPUCTHKH

refus, COCTOSIIEE M3 JBYX IPOTOHOB M JABYX HEWTpoHOB). boiee
MacCHBHBIE 3BE3/IbI PACXOAYIOT 3amachl BOAOPO/a 3HAUUTENbHO ObICTpee
(3a mecaTkn MWIIMOHOB JeT). [locie Toro kak BoJOpoa U3pacXo0BaH,
HAUMHAIOTCS peakUud MEXIy sapamMu renus ¢ oOpa3oBaHUEM
YCTOWYMBOrO M30TONAa yriaepoga-12 u Apyrue peakuuu, NpOLyKTaMHu
KOTOPBIX SIBISIOTCSI KHUCIOPOJ M TsDKENbIE 3JEMEHTHl (HATpuii, cepa,
MarHuit u T. 1.). Takum oOpazom, B Henpax 3BE3x oOpasyrorcs sijpa
MHOTHUX XHMMHUYECKUX DJIEMEHTOB, BIUIOTH JO XKene3a.yY Haubosee
MAacCCUBHBIX 3BE€37] INPEKpAIICHHE BCEX BO3MOXKHBIX TEPMOSIIEPHBIX
peakuuii COMpOBOXKIAETCSI MOIIHBIM B3pPBIBOM, KOTOPBIN HabIto1aeTcs
KaK BCIIBIIIKA CBEPXHOBOM 3Be3/bl.Bce 31meMEHTHI, KOTOpblE BXOIAT B
COCTaB HaIIeHl IUTAaHETBI M BCETO JXKMBOTO Ha HEH, 00pa30oBaIuCh B
pe3ysbTare TEPMOSIIEPHBIX peakUui, IPOMCXOIMBIIMX B 3BE3MAX,
IIOATOMY 3BE3/IBI HE TOJIBKO CaMble pacnpocTpaHEHHbIE BO BceneHHOM
OOBEKTHI, HO U CaMbI€ BaXKHBIC JII TOHMMAHUS MPOUCXOJSAIINX B HEU
SABICHUM M mnpoueccoB.VIMEHHO TEpMOSIEpHbIE pEaKIUU SBISIOTCS
XapaKTepHOW OTIMYUTEILHOW OCOOCHHOCTBIO 3BE31 OT MuiaHeT. [ToaTomy
COBPEMEHHOE ONpe/iesieHre TUTaHeThl POPMYIHpyeTCs Tak:

IUIaHeTa — He0ecHoe Tes10, o0pamjammeecss BOKPYr 3Be3/bl
WIH OCTaTKa 3Be3/[bl, J0CTATOYHO MACCHBHOE, YTOObI NMpHOOpecTH
chepuueckyro ¢popmy moa aeiicTBHeM COOCTBEHHON TPaBHUTALMHU, U
CBOUM BO3/IeiicTBHEM yAaJIUBIIee MaJjible TeJa ¢ OpOUTHI, OJM3KOH K
CcOOCTBEHHOI, HO NIPH 3TOM B eé HeJApaxX He NMPOUCXOAAT M HHUKOIJAA
He MPOUCXOIM/IM PEAKIMH TEPMOSIEPHOI0 CHHTE3Aa.

1. I'oguuHbIi MapaJIaKke M PACCTOSTHUA 10 3BE3/1

Meicoiu 0  TOM, 4YTO 3BE3JABI— DOTO JaléKWe COJIHIIA,
BBICKA3bIBATNCH €enI€ B TIyOokod apeBHOCTH. OmHAKO J0JTOE BpEMs
OCTaBajJOCh HEICHBIM, KaK JalIcko OHH HaxodsaTrcs orT 3emiun. Emé
ApHUCTOTENIb TOHWMAaJ, YTO €CIM 3eMJisl JBWIXKETCS, TO, HaOmromas
MOJIOKCHWE  KakoW-mubo  3Be3Abl W3 JBYX  JIHaMETPaIbHO
MIPOTHBOMOJIOKHBIX TOYEK 3EMHON OpOWUTHI, MOXXHO 3aMETHUTh, YTO
HampaBJICHUE Ha 3Be3ly u3MeHuTcsa (puc.5.12). D10 Kaxymeecs
(mapaniaakTH4YecKoe) CMEIIEHHWE 3Be3Ibl OyIeT CIOYyKUTh MEpOou
paccTosiHUs 710 HeE: yeM OHO Ooiblle, TeM OJIMXKe K HaM pacIiojioskeHa
3Be31a. Ho He Tonbko camMoMy ApHCTOTEN0, HO AaXe 3HAYUTEIbHO
no3aHee KonepHuky He yaanoch 0OHApPYKUTh 3TO cMelieHne. ToIbKo B
KOHIIE TIepBOM mosioBUHBI XIX B., KOT/Ia TEJIECKOIbI OBLTH 000PY1I0BaHbI



MPUCTIOCOOICHUSIMA 11T TOYHBIX YTJIOBBIX HM3MEPEHH, YAaloCh
HU3MEPUTH TAKOE CMEIIICHUE Y OJMKAUIITUX 3BE3I.

O Heﬁ@c T

3 Opb6uta 3emnu
Knunrtyka

Puc. 5.12. ITapalTaKTHYeCKOE CMEINEeHHE 2BEe3/Ib]

l'onnuHbIM napanaakcoM 3Be3[bl P Ha3bIBAETCSl YroJj, IOJ
KOTOPBIM €O 3Be3Ibl MO:KHO ObLI10 Obl BHIETHh OOJBUIYI0 MOJIYOCH

3eMHOI1 OpOUTHI (paBHY1I0 1a.e.), NneprneHInKyJIsIPHYIO
HAINpaBJIEHUIO Ha 3Be31ay (puc. 5.13).

_a

~sinp

Paccrosnaue J0 3BEC3bI ,rae a— 60)15].].[2151 MOJIyOCh
3eMHOM OpOUTHL. 3aMEHUB CHHYC MAJIOTO yIJIa BEJIMYMHON caMoro yria,
BBIDOKCHHOW B paJWaHHOW Mepe, W mnpuHsBa = 1la.e., mOIydum
clenyronyo (GopMyiy i BBIYUCICHUS PACCTOSHUS JIO 3BE3NbI B

206 265"

ACTPOHOMHYECKHUX €UHULIAX: P

B 1837 r. BuepBbie ObUIM OCYIIECTBICHBI HAJIEKHBIE U3MEPEHUS
roAMYHOrO mnapayiakca. Pycckuii actpoHoMm Bacunuit  Axoenesuu
Cmpyse (1793—1864) npoBEN 3TU M3MEpEHHs Ui spyaiield 3Be3JbI
Ceeproro nonymrapus Beru (o JIupsr). [Toutn omHOBpeMEHHO B IpyTUX
CTpaHax OINpEACIIMIN MTAPAJUIAKCHI €€ ABYX 3BE3J, OJHOM M3 KOTOPBIX
onuta o [lenTaBpa. Ota 3Be3/1a, kotopas ¢ Tepputopun Poccun He BUHA,
okazaysach Onmkaimeid k Ham. Jlaxke y He€ TOIUYHBIA Mapajiakc
coctaBui Bcero 0,75". Iloa TakuM yriiomM HEBOOPY>KEHHOMY IJ1a3y BHUIHA
npoBosioyka ToaummHOM 1mMm ¢ paccrosHus 280 M. Iloatomy
HEYJAMBUTEIBHO, YTO CTOJb MAJIbIE YIJIOBBIE CMEIIEHHs TaK JOJIO HE
MOTJIM 3aMeTUTh. PaccrosHue m0 Onkalined 3Be3[bl, Mapaiakce
kotopou p =0,75", cocraBnser D =270 000 a. e. Epwaumamu  mis

Prc. 5.13. Tonu4HBIH Dapaiake 3Be31

WU3MEPEHUS CTOJIb 3HAYUTEIBHBIX PACCTOSHHUM SBISIIOTCS MApPCeK U
CBETOBOH T'OJI.

Ilapcexk — 3TO Takoe pacCTOSHHE, HA KOTOPOM Iapajyiakc 3BE3
paBen 1”. Otcioma W Ha3BaHME HTOM EOUHUIIBL: Tap — OT CJIOBa
«mapajulakc», CeK — OT CJIoBa «CeKyHHa». PaccrosiHue B mapcekax
paBHO OOpaTHOW BEIWYWHE TOAUYHOrO TMapaiakca. Hampuwmep,
IOCKOJIbKY mapaiiakc o LlentaBpa pasen 0,75”, paccrosiHue 10 Heé
paBHO 1,3 mapceka.

Ceemoeoit 200 — DHTO TaKoe paCCTOSIHUE, KOTOpPOE CBET,
pacmpocTpanssich co ckopocThio 300 ThIc. KM/C, TpoxoauT 3a rox. Ot
Onmykaifieit 3Be3 bl CBET UAET 0 3eMITH CBBINIE YETHIPEX JIET, TOTAA KaK
ot CoJHIIa OKOJIO BOCBMH MHHYT, a OT JIyHBI HEMHOTUM OoJiee OJHOMI
CEKYH/IbI.

1ok (mapcexk) = 3,26 cBeroBoro roga = 206265a.e. =3-
103 xm.

K Hacrosimemy BpeMEHHM C MOMONIBIO CHEIUAIBLHOIO CIyTHHUKA
«['unmapkocy u3MepeHsl roJuuHbIe napauiakcel 6onee 118 Thic. 3BE31 ¢
TouHocThio 0,001".

TakuM oOpa3om, Temepb WU3MEPEHHEM TOJUYHOTO TMapajuiakca
MOKHO HAJEKHO OINPEAECIUTh PACCTOSHUS 10 3BE3J, YIAIEHHBIX OT HAC
Ha 1000 nx, wimm 3000 cB. ner. PaccrosHus no Oonee manékux 3BE3N
ONPEACIISIIOTCS APYTUMH METOAAMHU.

2. Buagumass u  a0coiloTHasi 3BE3AHLIE BeJHYHHBI.
CBeTHMOCTD 3BE3]1

[Tocie Toro kKak acCTPOHOMBI TIOJTYYHIIA BO3MOYKHOCTh OTIPENIETSATh
paccTostHusL 10 3BE3/, BBISICHUIIOCH, UYTO 3BE3/bI, HAXOJAILIUECS Ha
OJIMHAKOBOM PAaCCTOSTHUH, MOTYT OTJIMYAThCS 10 BUIUMOM SIPKOCTH (T. €.
o onecky). Crano OYEBUJIHO, 4TO 3BE3/IbI UMEIOT
paznmuunyto ceemumocms. COJNHIIE KAKETCS CaMbIM SPKUM OOBEKTOM Ha
HeOe TONBKO TIOTOMY, YTO OHO HAaXOAWTCA TOpa3io Oimke Bcex
OCTAJILHBIX 3BE3]I.

CBeTUMOCTHI0) Ha3BIBAETCSl TOJHAsI JHEPrus, H3JIydaemasi
3Be3/10ii B e[INHUILY BPEMEHH.

Ona BbIpaxkaeTcsi B aOCONIOTHBIX €IWHUIAX (BAaTTax) WA B
eanHunax ceetumoct CoJIHIA.



B acrtpoHoMuu mNpHHATO CpaBHUBATh 3BE3/BI IO CBETUMOCTH,
paccuuThiBas WX OyiecK (3BE3MHYIO BEJIMYMHY) JJI OJHOTO W TOTO JKe
cTangapTHoro paccrosiHus — 10 nk.

Buagumasi 3Bé31Hasi BeJIMYMHA, KOTOPYI0 HMeJia Obl 3Be3/a,
ecan Obl HaxoaAMJIach OT Hac Ha paccrossHuM Do = 10 nk, moayunia
Ha3BaHMe a0COIOTHOH 3BE3MHOI BeJMYNHBLI M.

PaccMoTpuM, Kak MOXHO OIpPEAeNUuTh aOCOJIOTHYIO 3BE3IHYIO
BenmuuuHy M, 3Has paccrostHue a0 3Be3nbl D (mm mapamiakec — p) u eé
BUAMMYIO 3BE3AHYI0 BeauuuHy M. HamomuuMm, uyto Oneck JABYX
HCTOYHUKOB, 3BE3JHBIC BEIMUYMHBI KOTOPBIX OTIMYAIOTCS HA €IUHUILY,
ornuyaercs B 2,512 pasza. [l 3BE3x, 3BE3QHBIC BEIMUMHBI KOTOPBIX
paBHBI M1 ¥ M2 COOTBETCTBEHHO, OTHOILIEHUE ux
6neckoB |1 u |2 BeIpakaeTcst COOTHOILICHUEM:

171 : 12 = 2,512"”3_"71.

Jlns BuAMMOM 1 aOCOMIOTHOM 3BE3IHBIX BEJTUYMH OJHOM U TOH XKe
3Be3/1bl OTHOIIEHUE 0JIECKOB OyIET BBHITTISACTD TaK:

I:1o=2512M-™m

rae lo— Omeck 3Toii 3Be3abl, eciad Obl OHAa HaXOAWjIach Ha
paccrositauu Do = 10 nik.

B 10 >xe BpeMsi M3BECTHO, 4TO OJIECK 3BE3blI MEHETCS 00paTHO
IPOTIOPIIMOHATILHO KBaapaTy pacctosiHus 10 He€. [ToaTomy

. — 2-n2 M-m — 2. n2
Jr. IO - DO - D - CJIG,Z[OBaTeJII:HO, 2.512 “?I DU - D -.

Jlorapudmupys 3T0 BeIpakeHUE, HAXOIUM

0,4(M —m) = lg 102 - Ig D?,

NmM=m+5-5IgD, wmM=m+5+1gnp.

AOcomoTHas 3Bé3nHas BenmuuuHa ComHua Me = 5™ Hnaue
roBops, ¢ paccrostaus 10 nk Hame CoiHIlE BBIMIAIENO OB Kak 3Be3fa
IIATOU 3BE3MHON BEINYNHEI.

3Hasg a0COMIOTHYIO 3BE3HYIO BEIMYMHY 3Be3Ibl M, Jerko
BEIYUCIUTE €€ cBeruMocTb L. Cumras cBerumocts Comuna Lo = 1,
MOJTy4aeMm:

L=2512%" M,I/IJII/IIg L=0,4(5-M).

ITo cBetTmmocTH (MOIIHOCTH W3JIy4YeHHUs) 3BE3IBI 3HAYUTEIHHO
OTJIMYAIOTCSL JPYT OT JIpyra: HEKOTOpPbIE M3Iy4yaloT HSHEPTrUi0 B COTHHU
ThICSY pa3 Oousbine, 4yem ConHIE, Ipyrue — B JECATKH THICAY pa3
MEHbIIE. AOCOMIOTHBIE 3BE3HBIC BEIMYMHBLI 3BE3]] HaMOOJIEe BHLICOKOM
CBETUMOCTH (TUTAaHTOB M CBEPXTHIranToB) pocturaror M = —9™, a 3BE3/bI-

Kapiuky,  oOnajarouiie  HauMEHBIIeH
abCONMIOTHYIO 3BE3qHYIO0 Berunay M = +17™,

3. ChnexkTpsbl, IBET U TeMIIepaTypa 3B€3]1

Bcio unbopmanuio o 3BE3gax MOXKHO TOJMYYUTh TOJBKO Ha
OCHOBE HCCIIEIOBaHMS NPUXOIAIIEro OT HUX u3inydeHus. Habmomas
3BE311bI, MOYKHO 3aMETHUTh, YTO OHU MUMEIOT Pa3IM4HbIA LBET. XOPOIIO
M3BECTHO, YTO IIBET JIIOOOTO0 HArperoro Tejla, B YaCTHOCTH 3BE3bl,
3aBHCHUT OT €ro TeMmIiieparypbl. boiee moiHoe mpencraBieHue 00 3Toit
3aBUCUMOCTH JA€T M3ydeHHUe 3BE3AHBIX CIEKTPOB. st GOIBIIMHCTBA
3BE3]] 3TO CHEKTPHI TMOTJIOIIEHHUS, B KOTOPHIX HAa (JOHE HEMPEpPHIBHOTO
CIIEKTpa HaOJIIOJAIOTCS TEMHBIC JTMHHH.

TemnepaTypy HapyXHBIX CIOEB 3BE€3/1bl, OT KOTOPBIX NMPUXOIUT
U3JIy4EHUE, ONPEIEISIIOT 110 PAaCHpPEIEICHUIO SHEPTUU B HENPEPHIBHOM
cnektpe (puc. 5.14), a Taxke M0 HHTCHCUBHOCTH Pa3HBIX CIIEKTPATbHBIX
nuHUH. [{n1Ha BOJIHBI, HA KOTOPYIO MPUXOJUTCS MAaKCUMYM H3JIy4YeHUS,
3aBUCUT OT TeMmmeparypel u3iaydaromero tena. [lo mepe yBennmueHus
TEMIIEPATypbl TOJOKEHUE MAKCUMyMa CMEIIAeTCs OT KpacHoro K
¢uoneroBoMy KoOHIy crekTpa. KoauuecTBeHHO 53Ta 3aBUCHUMOCTD

0,29

Lo ax T

BbIpa)kaeTcsl 3aKkoHOM BrHa: ,[71€ Amax — JUIMHA BOJIHBI (B
CM), Ha KOTOPYK MPUXOAUTCS MAKCHUMyM H3JIy4eHusd, al—
aOCoOJIIOTHAS TeMIeparypa.

CBE€THUMOCTBIO, HUMCIOT
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Puc. 5.14. Pacnpenenenne sHEpruv B HENPEPHIBHOM CIEKTpE
ConHia 1 4€pHOTo Teja MU pa3InYHbIX TEMIIEPATypax

Kak okasanoce, 3Ta Temmeparypa Ui pa3IMYHBIX THUIIOB
3BE3n 3akmoueHa B mpeaenax ot 2500 mo 50 000 K. HM3menenue
TEMIIepaTypbl MEHIET COCTOSHHE aTOMOB W MOJIEKYJ B aTMmocdepax
3BE31, UYTO OTpaxkaeTcs B MX crekrpax. [lo psgy XapakTepHBIX
0COOEHHOCTEH CIEKTPOB 3BE3IBI pa3lieNIeHbl Ha CIIEKTPAbHBIC KIIACCHI,
KOTOpBIe 0003HAYCHBI JIATHHCKIUMH OyKBaMHU U PACIIOJIOKEHBI B TIOPSIIKE,
COOTBETCTBYIOIIEM yObIBanuto Temneparypsl: O, B, A, F, G, K, M.

VY nambonee XomogHBIX (KpacHBIX) 3BE3N Kiacca M B crHeKkTpax
HaOJIOMAl0TCSl JIMHUM TIOTJIONICHUST HEKOTOPBIX JABYXaTOMHBIX MOJICKYIT
(HampuMep, OKCUIOB TUTaHA, IUPKOHUS u yriepoaa). [Ipumepamu 3BE37,
temneparypa Kotopeix okosno 3000 K, saBastorcss  AHTapec U
berenpreise.

'I\\\\ \

B cnekrpax xénthix 3BE34 Kiacca G ¢ TeMIeparypoud OKOJIO
6000 K, x xotopeim otHOcuTcs u ConHie, npeodsiafaloT JWHUHA
METaJIJIOB: Kele3a, HaTpus, Kanblus U T. A. [lo Temneparype, criekTpy u
uBety cxonHa ¢ ConHueM 3Be3aa Kanemna.

Hns  cnektpoB Oenbix 3BE3 Kiacca A, KOTOpble HMEIOT
temmnepatypy okojio 10 000 K (Bera, ene6 u Cupuyc), Hambosee
XapakTepHbl JUHUM BOJOPOAA H MHOXKECTBO CHAa0bIX  JTMHUI
MOHHM30BaHHBIX MeTalioB. B chmekTpax Haubonee ropsuux 3BE3A
MOSIBJISIFOTCS JINHUU HEUTPATBHOTO U HOHU30BAHHOTO TEJIHSI.

Paznuuust  3BE3OHBIX CHEKTPOB OOBSACHAIOTCS OTHIONb HE
pa3HoO0pa3ueM WX XMMHUYECKOTO COCTaBa, a Pa3IUYHeM TeMIIepaTyphl U
Ipyrux GU3n4YecKux ycjaoBuil B atMocdepax 3BE31. M3yueHue crekTpos
MOKAa3bIBAET, YTO MPEOOIATAIOT B COCTaBe 3BE3MHBIX atMocdep (U 3BE31
B IIeJIOM) BoAopoa u renuil. Ha momio Bcex OCTalIbHBIX XMMHMYECKUX
AJIEMEHTOB MPUXOTUTCS HE 00JIee HECKOIBKHUX MPOIICHTOB.

W3mepeHne MONOXKEHUS CHEKTPAJbHBIX JUHUN MO3BOJIIET HE
TOJIBKO TIONYYUTh MH(POPMAIMI0 O XMMHYECKOM COCTaBe 3BE3N, HO U
OTIpEeACTUTh CKOPOCTh UX IBIKEHUS. Ecu uCTOUHUK n3nydeHus (3Be3aa
w1000 apyroil 0oO0beKT) mpHOIMKaeTcs K HaOMI0JaTeIo MU
yaausieTcsi OT HEro Cco CKOpPOCThIOV, TO Habmomarens Oyner
PETUCTPUPOBATH U3MEHEHHE JJIMHBI BOJHBI MPUHUMAEMOTO U3TyUYCHUS.
B cinydae ymeHbllleHUs pacCTOSHUS MEXAy HaOltolaTeneM M 3Be3/0i
JUTMHA BOJIHBI YMEHBIACTCS U COOTBETCTBYIOIIAS JIMHUS CMEIIAeTCs K
cuHe-(puoieToBOMy KOHIy crekTpa. Ilpu ymaneHum 3Be3nbl JJIMHA
BOJIHBI U3TTyYEHUS YBEINYMBACTCS, a JIMHUS CMEIIACTCS B KPACHYIO €ro
4acTh. DTO SBJICHHE MOJIYYUJIO Ha3BaHUE 3¢hhexma /lonnepa, coriacHoO
KOTOPOMY 3aBHCHUMOCTH PA3HOCTH JIJTMH BOJH OT CKOPOCTHU MCTOYHHUKA TIO
Jy4y 3peHusi VU CKOPOCTH CBETa C BhIpakaeTcs clieayroen hopMyIoil:

)L - ;]\.-0 U

A C N
0 ;LI Ao — JUIMHA BOJHBI CIEKTPAJIBHOW JIMHUHM IS

HETOJBIDKHOTO ~ MCTOYHMKA, aA— JUIMHA BOJHBI B  CIIGKTPE
JBIDKYIIETOCS] HCTOYHHUKA.

Oddexr J[ormmepa HaOmOmaeTCs B ONTHYECKOM U JAPYTUX
00J1aCcTSAX CHEKTPa U MIKPOKO UCIIOIB3YETCsl B ACTPOHOMHH.

4. JluarpaMmma «cneKTp — CBeTHMOCTB)



IlosnydyeHHbIE JaHHBIE O CBETMMOCTH M CHEKTpax 3BE3N YXKE B
Hadyasle XX B. OBUIM  COMOCTaBIE€HBI JBYMS ~ aCTPOHOMaMU —
DitnapomI epymnpynzom (I'onnaunus) u I'enpu Paccennom (CIIA) —
U TPEJCTaBICHbl B BUJE JAMArpaMMbl, KOTOpas IMOJy4yWJa Ha3BaHHE
«muarpamma I'epummnpynra—Paccemia». Eciy o ropu3oHTaIbHON OCH
OTJIOXKEHBI ~ CIICKTpPaJIbHBIC KJIAcChl (TemmepaTypa) 3BE3m, a 10
BEPTUKAJIBHONH — HX CBETUMOCTH (20CONIOTHBIE 3BE3HBIC BEIHMUYUHBI),
TO K0 3Be3/ie OyJIeT COOTBETCTBOBATH OIpeAeEHHasl TOUKa Ha 3TOMN
muarpamme (puc. 5.15). B pesynbrate oOHapyKXUBaeTCsl ONpeaencéHHas
3aKOHOMEPHOCTh B pACIOJIOKEHUU 3BE3] Ha JAMarpaMMe — OHHM He
3amonHAOT BcE e€ moje, a o0pa3yloT HECKOJBKO TPy,
Ha3BaHHBIX nocredosamenvHocmamvu.  Hauboinee  MHOTOYHMCIECHHOM
(mpumepHO 90% Bcex 3BE3/) OKA3aNaCh 21d6HASA NOCLEO08AMENbHOCTb,
K 4HuClly 3BE31 KOTOpod mpuHaiexxuT Hamie CouHie (ero mojoxeHue
OTMEUYEHO Ha JuarpaMmme KPYKOUKOM). 3BE3/bI 3TOMU
MOCIIEI0BATENbHOCTH OTJIMYAIOTCA JAPYr OT Jpyra Mo CBETUMOCTH H
TEMIIepaType, ¥ B3aUMOCBSI3b ATUX XapaKTEPUCTUK COOIOAETCs BeChMa
CTPOTO: CAMYI0  BbICOKYIO C8eMUMOCMb UMelom Haubonee 2opayue
3663061, a NO Mepe YMeHbUeHUs MeMnepamypvl CEemumMocms
naoaem. KpacHble 3BE3/IBI Mason CBETUMOCTH MOJTYYHITU
HA3BaHUE KPACHBIX Kapaukos. BMecTe ¢ TeM Ha AMarpaMMe CyIIeCTBYIOT
U JIpyrue mocleA0BaTeIbHOCTH, I/1€ MOoJ00Has 3aKOHOMEPHOCTh He
coomonaerca. OcoOeHHO 3aMETHO 3TO cpeau 0Oosee  XOJIOIHBIX
(kpacHbIX) 3BE3A: MOMHMO  3BE3J, MPHUHAUISKAIIMX  TJIaBHOU
IIOCJIEOBATENBHOCTY M IOTOMY MMEIOIIUX Mallyl0 CBETHMMOCTb, Ha
quarpaMMme TpEeJCTaBIICHbl 3BE3/bI BBICOKOM CBETUMOCTH, KOTOpas
NPaKTUYECKH HE MEHSAETCS NpPU M3MEHEHUWH HMX TeMIieparypsl. Takue
3BE3/BI MpUHAJJIeKAT JIBYM MOCJIEI0BATEIBLHOCTAM
(eueanmul v ceepxeucanmot), TOMYYUBIIMM OTH Ha3BaHUS BCICICTBHUEC
CBOEH CBETHMMOCTH, KOTOpas 3HAUUTEIHHO IPEBOCXOJIUT CBETUMOCTH
Connna. Ocoboe MecTo Ha auarpaMMe 3aHUMAIOT TOpsSiune 3BE3bI
MaJioll CBETUMOCTHU — Oesible KapauKu.
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Puc. 5.15. JluarpaMmma «CHeKTp — CBETUMOCTbH)»

Jlume x koHmy XX B., Korga o0BEM 3HAHWN O (QU3HUECKHX
npoiieccax, MPOUCXOJAIINX B 3BE3/AX, CYIIECTBEHHO YBEIUYWICS U
CTaJIM TIOHSATHBIMHU ITYTH WX IBOJIIOIUH, YAAIOCh HAUTH TEOPETHYECKOE
00OCHOBaHHWE TEM OMIUPHYECKUM 3aKOHOMEPHOCTSM, KOTOpBIC
OTpaXkaeT AuarpaMMa «CIeKTp — CBETHUMOCTHY.

NPAKTUYECKAS PABOTA Ne5,6

Tema: OnpeneneHue paccTOAHMH 10 3B€31 METOAOM
rOAMYHOro nmapajuiakca. CBeTuMOCTb, CIIEKTP, LIBET U TeMIleparypa
Pa3IuYHBIX KJaccoB 3Be3ld. DpdexT Jdomiaepa. luarpaMma «CnekTp
— CBETHMOCTB)» («IIBET — CBETHMOCTBY).

Henun 3anstus: Hayuutcs onpenensiTe pacCTOSHUS 0 3BE3N C
MOMOIIbI0 TOAUYHOrO mMapamiakca.Hayuurcs onmpenenstb ¢ MOMOIIBIO
JUarpaMMbl  «CIIEKTp — CBETUMOCTb» («I[BET — CBETHUMOCTbHY)

CeeTumoCcTb B eauHuuax ceetmmocTtn ConHua



TEMIEPaTypy U CBETUMOCTh pa3IUYHBIX KJIaccoB 3BE3a.Pa3BuTh
JIOTUYECKOT0 MBIIIICHUS], pa3BUTHE YMEHHUS pPelllaTh 3aJauu.

dopMHUpOBaTh HAy4YHOE MHPOBO33PEHUE U JHATCKTUYECKOE
MBIIIUICHHUE.

Teoperudecknii MmaTepuall

Acmponomuueckue eOuHuybl.

[TockonbKy paccTOsSTHUE MEXIYy ACTPOHOMHUYECKHUMH OOBEKTaMHU
(mmaHeTamu, 3BE3JAAMM, TaJaKTUKAMH), OTPOMHBI, TOJIb30BATHCS
OOBIYHBIMH €IMHUIIAMU JUTUHBI — METPhl M KWJIOMETPHI — HEyJI00HO.
[TosroMy B acTpOHOMHUM HPHUHSATHI OCOObIE EOUHHIIBI H3MEPEHUS
pPacCTOSIHUMN: aCTPOHOMHYECKAs €AMHMIIA, TAPCEK U CBETOBOM TO/I.

Acmponomuueckaa  edunuya  (a..) PpaBHa  CpeIHEMY
paccrostauto ot 3emiu 1o Cosnnana (149 600 000 xar)

Ilapcex - paccrosiHue, W3 KOTOPOTO a.e. (CpEemHHMA pamnuyc
opbutsl 3emun) BuaHa noxa yriom 1" (cexynma nyru): I nk = 206 265
a.e. = 30 857 244 000 000 xm = 3,08 x 103 km.

Ceemoe6oii 200 — 3TO pacCcTOSHUE, KOTOPOE MPEOJIOJIEET CBETOBOM
MOTOK 3a BpeMsi, paBHOE KaJICHJAPHOMY TOJY:

1 c6.200 = 3 x 10° km/c x 365,250neii x 24uacos x 3600 cex. =
9 467 280 000 000 km = 9,46 x 10*? km.

1 nc = 3,26 ce.n1em.

Loouunvlil napannaxc

Kak u3meputh paccrossHue, €clii 10 IpeaMeTa He JOTAHYThCS HU
JUHEWKOW, HH JiydyoMm Jokaropa? Ha mnomomp NOPUXOIUT METOA
TPUAHTYJIALNHU, IUPOKO MIPUMEHSIEMBIN B OOBIYHOM 36MHOMW T€0C3UH.

BriOupaem oTpe3ok M3BECTHOW UIMHBI — «0a3y»( Ha PUCYHKE —
Touk A u C), U3MepsieM U3 €ro KOHILIOB YIUIbI, 110 KOTOPBIMHM BHJHA
HEJOCTYIMHAas MO0 TEM WM MHBIM MpUYMHAM Touka B, a 3arem mpocteie
TPUTOHOMETPHUYECKHE (DOPMYIIBI 1al0T HCKOMOE PacCTOSHUE.

Korna MbI nepexoanm ¢ 0AHOTO KOHIA 06a3bl HA APYTOil, BUAUMOE
HAIpaBJICHWE HAa TOYKY MEHSETCS, OHA CIABUTAaeTCca Ha (oHe ManéKux
00BEKTOB. OTO Ha3bIBAeTCs TNapaNIaKTUYECKUM CMEIICHUEM, WIH
MapauTaKCOM.

Benununna nmapannakca TeM MeHbIIE, YEM Jalibllie 0OBEKT, U TEM
OouIblIIe, UeM IIHHHEE Oasa.

Jnst m3MepeHHsi pAacCTOSHUM 10 3BE3N MPUXOIUTCA OpaTh
MaKCHMAaJIbHO IOCTYITHYIO acTpoHOMaM 0a3y, paBHYIO AHAMETPY 3€MHOM
op6utsl. COOTBETCTBYIOIIEE MNapaUIAKTHUECKOE CMEIIeHHE 3BE3 Ha

Hebe (CTporo roBops, €ro IOJOBHHY) CTald HAa3bIBaTh 200UYHbLIM
napaniakcom.

I'oaM4HBIM Mapa/LuIaKcoM 3Be3/1bl p HA3bIBACTCS i
yroj, moa KOTOPbIM €O 3Be3[bl MOKHO ObLIO Obl 7
BHAETH 00JIbIIYI0 MOJIYOCh 3eMHOH OpOMTHI (paBHYIO 1 /25

a. e.), MepHeHNKYJISAPHYI0 HATIPABJIEHUIO HA 3Be31y.
OmnpenenuTs paccTOSHUE 0 3BE3/bI MOXKHO, 3Has
TOZIOBOM Tapajiakc p— yToJl, MOJA KOTOPBIM CO 3BE3bI
ObUT BHJIEH paauyc 3eMHOH opOuthl. [[ng storo 3Be3ny / Contue
dhoTorpadupyroT C MOMOIMIBIO TEIECKOMA Yepe3 KaKabie 6 A*i_f"'—.ﬂ -
MECSIIEB, TO €CThb M3 JBYX IPOTHBOIIOJOXKHBIX TOYEK
3emMHOM opOuThl. Ha Qororpadusx Onuskas 3Be3na
HECKOJIbKO MEHSET CBOE IOJOXKEHHE OTHOCUTENBHO ApYyrux, Ooiee
ynanéHHbIX. Eciii 3T0 cMelieHue TakoBO, YTO €ro MOKHO U3MEPHTh, TO
BBIYUCIIUB COOTBETCTBYIOIINI yroJl, MOXKHO PAacCUMUTaTh PACCTOSHHE J0
3Be31bI IO popMmyie
_a
~sin p?

bpt’m‘ra éemnu

I7ie a - CpeiHui paauyc 3eMHOW opoutsl , D -
paccTosiHuE 10 3BE3MbI ,
p - €€ TOIUYHBIN MapaIaKc.
Ecim yrimel manele, TO CHHYC Majoro yrjla MOXHO 3aMCHMTb
BEJIMYUHOM CaMoro yIjia B paJuaHHON Mepe:
sin p = p”1206265. Torma noaygaem: D = a-:206265/p”’, uiu
206 265"

P B aCTPOHOMMYECKHX €IMHULIAX.
Ecnu paccrosiHue HyXHO BbIpa3uTh B napcekax (1 mkx = 206265
a.e.), To

D

I
I

P - FOANYHBIA
napannakc
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BbinosiHeHune pa6oTsbl

B Terpanm 3anucarb:

A) 3Be3na — 3710...

b) Ilnanera — 3T0...

B) I'opnyHbIM MapaniaKkcoM 3Be3/IblI P HA3bIBAETCH. ...

I') Hauepturs puc. 5.13

) @Popmyna paccTossHUS [0 3BE3[bl B aCTPOHOMHYECKHX

206 265"

eAMHUIIAX 4

E) IHapcex — >710...

E) Csemosoii 200 — 510

K) 1 nx (mapcek) = 3,26 cBeroBoro rojga = 206 265a.e. =3 -
1013 km.

3) CBeTMMOCTHI0 HA3bIBAETCHL. ..

N) AbcomroTHast 3Bé3aHasi BesuuuHa M—aro...

K) HauepTuth B TeTpajab M U3YyYUTHh JUATPAMMY «CHEKTP —
CBETHMOCTbY.

1. IIpumepsbl pemieHus 3aa4 N0 TeMe 3aMUcaTh B
TeTpaab.
3amaua Nel:

[Nognunelil mapanimake camoi 6JuM3K0M K Ham 3Be3nbl [IpokcuMma
u3 co3Be3auss KenrtaBpa - 0,762". KakoBo 1o He€ paccrosiHue (B IIK,
CB.TOJIaX, KM).

Jano: p=0,761" Pewenue: Dyc=1/p=1/0,762 nk =
1,31 ik ,

Dic - ? Desr = 3,26 cB.ter X 1,31 = 4,27
CB.JICT ,

Depor- ? Dr = 4,27 x 9,46 x 10* xm = 40,39
x 10% km,

D-? wm D =1,31 x 3,08 x 108 km = 40,39
x 10% kM.

3amaua Ne2:

Haiitu paccrostaue 10 3Be3nbl Anbnebapan (o co3pe3aus Tenerr) ,
uMmeroniel roguunelii napamwiakc 0,05”. Belpazure 3TO paccTosiHuE B
napcekax, CBETOBBIX I'0JIaX U KHJIOMETpax.

Jano: p=0,05"  Pewenue:
20mx ,

Du =1/p =1/0,05 0k =

Dn-? D r. = 3,26 cB.ier x 20 = 65,2
CB.JIET ,

Deg.r- ? D
616,792 x 10*2 kM.

D-?

Cnucok 1ureparypbl

5. ActpoHomus: yueOHUK ajs ipod. oOpa3oBar. opranuzauuii /
[E.B. Anekceesa, II.M. CkBopuos, T.C. ®@emenko, JI.A. Illecrakosa],
nox penakuued T.C  @Pemenko. — M.: HMzpatenbckuil  LEHTp
«Axagemus», 2019 — 256¢

2. Boponuos-Benbsimunos b. A., Ctpayt E. K. «AcTtponomus. 11
KJIacC». YUeOHUK C 3JIEKTPOHHBIM npuiiokenrnem — M.: JIpoda, 2019

= 65,2 x 9,46 x 10" km =



IIpakTnyeckas padora Ne7

Tema: Buabl 3Bé31. Maccsl n pasmepsl 3Be3n. Lledeunabr —
Masiku BceneHHoi. JBoJiloumsi 3Be3l Pa3jiM4HOM Macchbl. 3aKOH
cMenmienusi Buna.

Heab: wu3yunTh BUIBI 3BE3M, UX Macchl U pazmepsl. Lledenant
— wMasgku BceneHHOW. DBONIONMS 3BE3]] PA3IUYHONM MacCChl. 3aKOH
cMelieHus Buna.

MPUMEHTHh (PU3MYECKHE 3aKOHBI NIl M3Y4YEHUsS Tel 3BE3IHOTO
HeOa. Pa3BuTh HaBBIKM peanu3alil TEOPETUUYECKUX 3HAHUM B
MIPaKTUYECKON JEATEIbHOCTH.

BocnuTeiBaTh  4yyBCTBAa OTBETCTBEHHOCTH 32 KauyeCTBO W
pe3yabTaT paboTHhlI.

IInan paGoTbl 00y4yaromerocsi Ha 3aHATHH

3anucarhb B TeTPaau AaTy, TeMy 3aHATHS, 0CJI€eI0BATEIbHO

1. IMPOPABOTATH ITPEIJIOKEHHBIA MATEPHALL,
BBITIOJTHUTHh KPATKHUA KOHCIIEKT.

2. OTBETUTBH HA BOITPOCHI

3.
BINIOJIHUTH TECT MO TeMe NMPaKTH4Yeckoil padoThl Ne7 mo teme: Buabl
3B€31. Maccel U pa3meps! 3Be3a. Lledeuaslr — masku BceesieHHOM.
IBoJIIOLMSA 3Be3/] Pa3jJIMYHOM Macchl. 3aKOH cMeleHusi Buna.

BoinoJsiHeHue padooThI

1. MMPOPABOTATD IPEJJIOKEHHBIA MATEPHAJL
BBINIOJIHUTHh KPATKUM KOHCIIEKT.

1. Cnekrp. Cunekrporpad. Cnekrporpamma

CnekTp - mnojyyeHHasl B pe3yJbTaTe MPEJOMIICHUS ITy4YKa CBETa
yepe3 TPEXTPaHHYIO CTEKJISIHHYIO MPU3MY Ha SKpaHe I[BETHas IMOJIOCKa,
COoCTOAIIAsA U3 CCMU OCHOBHBIX LIBETOB, MEPCXOAAININX OOUH B prFOﬁ.

Cnektporpap —  CHOEGKTPaJIbHBIA  ONTHYECKUUA  MpUOOp,
UCTIOJIb3YEMBIN /IS TIOJTyYEHUS U PETUCTPAIIMU CIIEKTPOB HEOECHBIX TE.
Cnektporpamma —  (Qororpadudeckuii CHUMOK CHEKTpa

HeOecHOro Tena Wiu rpaduk 3aBUCUMOCTH MHTEHCHBHOTO H3yUYCHHS B
3aBUCUMOCTH OT JUIMHBI BOJIHBI MJIA YaCTOTHI.

Opranusyetcst mapHasi 1 OpuragHas paboTa ydaliuxcs ¢ HOBOU
y4ueOHOU WH(OpMaIel ¢ MOMOIIBI METoau4YecKoro mpuema «OkeaH
uHpOpMALUNY.

1. Cunektp ucnyckanus. Cniomuoi crnekrtp. Iosocarsiii
crekTp. JIluHeiluaTbli clieKkTp

CrnekTp u3iaydyeHusi (MCIyCKAHUA) — 3TO 3JIEKTPOMArHUTHOE
U3Jly4eHUE BCSIKOrO HArperoro Tena, HaOJI0JaeMoe C IOMOIIbIO
CHEKTpalbHBIX TpubopoB. Jlroboe cmeTsmieecs TeNO CO3MaET CIEKTP
HCITYCKAHMUS.

CrekTpbl OBIBAIOT CIUIONIHBIE (HETPEPHIBHBIC), TUHEHYAThIC U
IIOJIOCATHIE.

CruIoIHO# CHeKTP MMEET BHJ HENPEpPHIBHOW IOJIOCHI, LIBETA
KOTOPOM TIOCTENEHHO TNepexoasT OAuH B Japyrod. HemnpepwiBHBIN
(cruUIOIIHOM) CHEKTp MCIYCKAlOT BCE TBEPIBIE TeNa, pacIulaBiICHHBIC
METaJIJIbl, CBETAIMECS Ta3bl U Mapbl, HAXOSIIHUECS M0 OYeHb OOJILIINM
naBieHreM. Takol CHEKTp MOXKHO TONYYUTh OT JYrOoBOTO (pOHApS H
rOpsIIIei CBEUH.

JIuHeiiuaTelii cnekTp oOpa3yeTcss HpU HAXOXICHUM Traza B
aTOMapHOM COCTOSIHMM W KOIJa €ro JAaBJICHUE Majo OTJIMYaeTCAd OT
HOpMalibHOTO. OH COCTOMT W3 OTHENbHBIX PE3KUX LBETHBIX JUHUM,
pa3eNEHHBIX TEMHBIMHA ITPOMEKYTKAMMU.

Kaxxnpiit XuMHUeCKUI 3JIEMEHT B COCTOSTHUU PACKAJIEHHOTO rasa,
COCTOSAIILIEIO0 W3 aTOMOB, MCIYCKaeT MNPHUCYLIUH TOJBKO €My OJHOMY
JUHEWYAThIM CHEKTp C XapaKTEepPHbIMU LBETHBIMU JIMHUSIMH, BCErIa
PacIoJIOKEHHBIMH Ha ONPEACIEHHOM MECTE.

ITosiocaThlii cieKTp (MOJNEKYJISPHBIN) — COCTOUT UX OTAEIBHBIX
JUHUW,  CIUBAOIIMXCA B  TOJIOCBL,  pa3lelN€HHble  TEMHBIMHU
npoMexxyTkamu. Takoil CieKTp UCIYCKalOT MOJIEKYJIbl Ta30B U MapOB.

2. CnexTtp noryomennsi. CneKTpajJabHbIi aHAJIN3.
CIUIomHONM CHEKTpP, MEPECEYEHHBIM TEMHBIMU JIMHUSAMHU WIU
MOJIOCAaMH B pe3yJIbTaTe MPOXOKICHUS OeIoro cBeTa yepe3 pacKkajiEHHbIe
ra3bl WM Maphl, HA3bIBAETCS CIIEKTPOM MOIJIOIIeHHS.
CnekTp morJomeHusi — CHEKTp, MOJIyYAOIIUNCI IpH
MPOXOXKACHUM U TOTJIOIIEHUU DSJIEKTPOMAarHUTHOTO M3Iy4YeHHUS B
BELIECTBE.



Pacnonoxxenne TEMHBIX JIMHUKA TOTJIOWIEHHUS B TOYHOCTH
COOTBETCTBYET PACIIONIOKEHHIO [IBETHBIX JIMHUI HCITyCKaHUS.

CrnekTpajibHbIil aHAJIU3 — METOJ UCCIEAOBaHUS XUMUYECKOTO
coctaBa U  (UBHUYECKUX  XAPAKTEPUCTHK HEOECHBIX  OOBEKTOB,
OCHOBaHHBIN Ha U3yUYEHUH UX CIIEKTPOB.

CnekTpajibHBIMH JIMHUSAMH Ha3bIBAIOT Y3KHE YYaCTKH CHEKTpa,
Ha KOTOPBIX MHTEHCUBHOCTh U3JIYYCHUS yCHIIEHA TN00 ocnabieHa.

HenpepbiBHBIIE  cnekTp o0pasyer  Qorocdepa, cnekTp
NorJIoleHnss — arMocdepa.

IIpuMeHeHNe CIEKTPAJILHOIO AHAJIN3A

HaubGonee 1eHHBIE W pa3HOOOpa3HBIE CBEACHUS O Telax
MO3BOJIIET TMOJYYUTh CHEKTPAJbHBIA aHATU3 MX HW3JIy4YEeHUA. OTUM
METOJIOM MOXKHO YCTAaHOBUTh KAYECTBEHHBII M KOJUYECTBEHHBII
XUMHYECKHM COCTaB CBETHJIA, €r0 TEMIIepaTypy, HaJIMYUe MarHUTHOTO
MOJIsI, CKOPOCTh ABUKEHUS O JIy4y 3pEHHUSI U JIPYTOE.

CrekTpanbHbIi aHaIN3, OCHOBAH Ha SIBJICHUU JUCIEPCUU CBETA.
Ecnmu y3kuii mydok Oenoro cBeTa MyCTHTh Ha OOKOBYIO TI'paHb
TPEXTPaHHOM MpPHU3MBL, TO, MPEIOMIISASACH B CTEKJIE IO-Pa3HOMY,
COCTABJISIIOLIME €ro Jy4d JaayT Ha D3KpaHe paayKHYIO TOJOCKY,
Ha3bIBAEMYIO CIIEKTpOM. B crmekTpe Bce 1[BeTa pacrojio’KEHbI BCErnaa B
ONpEIETICHHOM MOPSIIKE.

Jlis mosydeHus CHEeKTPOB MPUMEHSIOT MPHOOpPHI, Ha3bIBa€MbIE
CIEKTPOCKONIOM W chekTporpagoM. B CIEKTPOCKONM  CHEKTP
paccMaTpuBarpT, a cnekrporpadom ero dororpadupyror. Dotorpadus
CIIEKTPa HA3bIBAECTCS CIEKTPOTPaAMMOIA.

CyumecTBylOT  cjeaywoumuie  BHIbI
HCTOYHNKOB M HeOeCHBIX TeJl.

CIUIOIIHOM, WM HENPEPBIBHBIMA, CHEKTP B BHUIE PaLy>KHOU
MOJIOCKM JIal0T HENpOo3pauHble pacKkajieHHble Tena (yroiab, HHUTh
3JIEKTPOJIAMIIBI) U JOCTATOYHO MPOTSHKEHHBIE IUIOTHBIE MAcChl Ta3a.

JInHEeNYaThIi CIIEKTP MOIVIOIIEHUS IAK0T ra3bl U Mapbl, KOraa 3a
HUMH HaxOAUTCA SIPKUA HMCTOYHMK, NAIONIMH HEMPEPBIBHBIA CIEKTP.
CHekTp TMOTJIOMIEHUsI TMPEACTaBIsSeT CO0OM HEMpPephIBHBIN CHEKTD,
nepepe3aHHblii TEMHBIMU JIMHUSIMH, KOTOpPbIE HAXOAATCA B T€X CaMbIX
MeCTax, TAe JOJKHBI OBITh PACIOJOXKEHBI SPKUE IUHUU, MPHUCYIIHE
JTAaHHOMY rasy.

N3yuenue  CHeKTpoB  MO3BOJIAET  NPOU3BOJAUTH  AHAJIM3
XMMHYECKOI'0 COCTaBa Ta30B, W3JIyYalOIIUX WJIM IMOTJIOMIAIOIIUX CBET.

CIICKTPOB 3€EMHBbIX

KonuuectBo atomMoB uiu MOJICKYJI, HU3JIy4Yaromux WA I[MOrJIOHIaromux
SHEPTHIO, OIpelesseTcss MO0 HMHTEHCUBHOCTH JHHMHA. YeMm 3ameTHee
JIMHUSA OAHHOT'O 3JICMCHTA B CIICKTPC M3JIYUYCHUS HIIM IMOIJIOMICHUS, TEM
0OJIBIIIE TAKUX aTOMOB (MOJICKYJT) HA TTyTH JIy4a CBETA.

ComHinle W 3Be3bl  OKPYXKEHBI Ta30BBIMH  aTMocdepamu.
HenpepbIBHBIN CHEKTP MX BUIAUMOUN MOBEPXHOCTH IEpepe3aH TEMHBIMU
JIMHUAMHA TOTJIOIMICHHW, BO3HUKAOIIUMHA TIPHU MPOXOKACHUN HU3ITYUYCHUA
yepe3 armocdepy 3Be3n. [losromy cmektpsl ComHIla W 3BE3d - 3TO
CIICKTPBI MOTJTIOICHUS.

4. @payHrodepoBbl JUHUHA

5: 3akoH cmemenust Buna

[To crekTpy MOKHO ONpPENENUTh U TEMIIEPaTypy CBETSIIErocs
oowekTa. Korma temo packaneHo AOKpacHa, B €r0 CIUIOIIHOM CIIEKTpe
spye BCEro KpacHas 4YacTh. [lpu nandpHEHIIEM HarpeBaHWM 00JacTh
HauOoNbIIeH SPKOCTH B CIEKTPE CMELIAeTCS B HKENTYylo, MOTOM B
3eJIeHYyI0 4acThb U T. 1. DTO SIBJICHHE OMMCHIBAETCS 3aKOHOM CMEIICHHUS
BI/IHa, KOTOpBIﬁ IMMOKAa3bIBACT 3aBUCHUMOCTL IIOJIOKCHUSA MaKCHMMyMa B
CHEKTpPE H3JIyYeHHUS OT TeMIlepaTypbl Tena. 3Has 3Ty 3aBUCHMOCTb,
MOKHO YCTaHOBUTbH TeMiieparypy CoJiHLa U 3BE3 .

AMak*T=b,
rie A — JJIMHA BOJHBI, KOTOPOH COOTBETCTBYET MAaKCHUMyM B
pacmpocTpaHeHuHn SHeprum; 1 — aOCoJoTHas Temmeparypa, b —

nocrossHHasg Buna.
https://www.youtube.com/watch?v=2YkXdTHkI4U
https://www.youtube.com/watch?v=SY G-hTIs954
3akoH cmernieHus BuHa 3anuceiBaeTcst B Bujae GopMyIIbL:

Amax T =Db

rie OykBamMu 0003HA4YeHBl: A — JUIMHA BOJHBI, KOTOPOM
COOTBETCTBYET MAaKCHMyM B paclpoCTpaHEHHH »HHeprum; 1 —
abcomoTHas TemrepaTypa; b — nocrosHHas Buna.

3akoH BuHa MOXXHO TPUMEHATH HE TOJBKO JJISI ONTHYECKOTO
JManazoHa 3JIEKTPOMAarHUTHOTO M3JIy4eHUs, HO U Ui JI000T0 Ipyroro
AMana3oHa BOJH.

Temmeparypy IUIaHET M TEMIIEPATypy 3BE3[ ONPENCISIOT TaKXKe
OpyU TOMOIIM CHENHAIBFHO CO3JIaHHBIX NPHEMHUKOB HH(PAKPaCHOTO
U3ITYYCHHUS.


https://www.youtube.com/watch?v=2YkXdTHkl4U
https://www.youtube.com/watch?v=SYG-hTIs954

6. 3akon Credana-borbumana
7. I dexT Jonaepa.

https://vk.com/video277987633_456240101?list=7822232b3905e2cd8
6

https://www.youtube.com/watch?v=A80WOnz8Ulo

Cymnocts 3ddexra: Dddexr Jlommepa nerko HabMOIATh HA
IpakTHUKe, KOrja MHMO HaOmonaTens Mpoe3kaeT MalluHa ¢
BKJIIOYEHHOW cupeHoW. IlpenmonoxuM, cupeHa BbIIAET KaKOU-TO
onpeAenéHHbIi TOH, U OH He MeHseTcs. Korga mammHa He ABMXKETCS
OTHOCUTENIbHO HaONroAaress, TOTJa OH CIBIIIAT WMEHHO TOT TOH,
KOTophlii m3gaétr cupeHa. Ho ecnum mammua Oyaer mpuOImMxaThes K
HAOII0IATEI0, TO YACTOTa 3BYKOBBIX BOJH YBEIUYUTCS, M HAOIIO1aTENb
YCIIBILUT O60Jiee BHICOKUI TOH, 4YeM Ha caMoM Jelie u3aaéT cupeHa. B ot
MOMEHT, KOrja MamuHa OyaeT Mpoe3kaTh MHUMO HaOmojaTens, OH
YCIBIIIMUT TOT CaMbld TOH, KOTOPBIA Ha CaMOM Jejle M3a€T CUpeHa. A
KOrJla MalllMHa MPOeNeT Majiblllie W OyIeT YXKe OTHANAThCA, a He
NpUOJIMKAThCA, TO HAOMIOmaTenb YCIBIIHAT 0oJiee HU3KUHA TOH,
BCJIC/ICTBHE MEHBIIICH YaCTOThI 3BYKOBBIX BOJH.

HcTounuk, NBUrasick K MPUEMHHKY, KaK Obl CKUMAET MPYKUHY —
BOJIHY

CkopocTu IBHKEHUSI HEOECHBIX CBETUJI OTHOCUTEIBHO 3eMIIH IO
ay4dy 3peHusl (JIydeBbIE CKOPOCTH) OIPEACTSIOTCS TMPU  [TOMOIIU
CIIEKTPAJBbHOTO aHajdm3a Ha ocHoBaHmu d(dekra [lomiepa: ecnu
UCTOYHUK CBeTa M HAONIOAATeNnh COJNMKAIOTCS, TO JJMHBI BOJH,
oTpeeNsone MOJIOKEHUS CHEKTPAIBHBIX JVHUH,

v
YKOpAYMBAKOTCA, a IIPpU HUX B3aMMHOM YJAJICHHUU JUJIMHBL J = 10(14-_)
C

BOJIH YBEIMYHMBAIOTCA. JTa 3aBHCUMOCTh BBIPAXKACTCS
bopmyoi

rJie V-IlydeBasi CKOPOCTh OTHOCHTEIHLHOTO JIBHXKEHUS C yUETOM €€
3HaKa (MUHYC Npu cOmmkeHun), AQ - JJIMHA BOJIHBI MIPU HEMOABHUKHOM
UCTOYHUKE, A, - IJITHA BOJHBI IIPU JIB)KEHUU UCTOYHUKA U C - CKOPOCTh
CBeTa.

[Ipu oTnaneHnn UCTOYHKKA BCE TEMHBIE MOJIOCHI HA CIIEKTPE €ro
U3ITyYeHUsl CMEIIAIoTCsl K KpacHoW cropoHe. T.e. Bce JIMHBI BOJIH
YBEIMYUBAIOTCA. TOYHO TakkKe MNpU NPUONIKEHUH WCTOYHHMKA OHU

cMmenaTea K ¢uosaeroBoil cropone. Takum obpazom 3¢ ekt Horepa
CTaJI OTJIMYHBIM JIOIIOJHEHUEM K CIIEKTPAaIbHOMY AHAIU3Y.

MouHOCTh U3My4YeHHus aOCOIIOTHO YEPHOTO Tesla OMpeeNnseTcs
3akoHOM Ctedana—bonbIMaHa, KOTOPBIN 3alMChIBACTCS CIEAYIOIIMM
obpa3zom:

e =o0T*

rae OykBaMH O0O3HAYCHBI: € — MOWHOCMb U3TYYEHUsT eOUHUYb

nosepxHocmu  Hazpemozo mena;, ¢ — nocmosnuas Cmegpana—
bonvymana; T — abconromnas memnepamypa.
[Tpu JBUKCHUH HUCTOYHUKA W3ITyYeHUs

OTHOCHUTEIEHO OMHOCUMENLHO Habarwoameiss BOSHUKACT ahdexr
Homnepa. CymHOCTh dPdeKTa COCTOUT B CIEAYIOIMIEM: eCid UCTNOYHUK
UBTYHeHUs OBUIICEMCsL NO Y4y 3peHuUsl Habnodamess co CKOPOCMbIO vV
(1yuesas ckopocmv), mo eémecmo Onunvl 60aubl A(0) (eé uznyuaem
UCMOYHUK) Habar00amenv pukcupyem OJUH) GONHbBI A.

JIyueBoil CKOpPOCTBIO HA3BIBAIOT NPOEKYUIO NPOCMPAHCMBEHHOU
cKkopocmu HebecHo20 00vekma Ha JIyY 3peHus (Ha HanpaeieHue om
0bvexma Kk Habooamento).

JlydeBasi CKOpPOCTh CBSI3aHAa CO CIBUTOM CHEKTPalIbHBIX JIMHHHA

bopmymoin

AL v,

Ag €
T7I€ Ao — ONUHA B0/IHbI, KOMOPYIO U3Iyuaem UCMOYHUK, Al —
PA3HOCIb MeNCOY A U Ao, Ur — JIYYEBAsl CKOPOCMb, ¢ — CKOPOCMb C8EMd.

2. BOIIPOCblI CAMOKOHTPOJIA
TeTpaau M NpucaaTh GoTooTYET)

1. Yem  oriuuue
JIIBOMHBIX 3BE31?

(OTBeTHTL B

ONTHYECKH  JIBOWHBIX U (PU3HUECKH


https://www.youtube.com/watch?v=A8OWOnz8Ulo

2. Bo ckonbko pa3 oTiIMuaroTcs pasMepbl U IUIOTHOCTHU
3BE3/1-CBEPXTUTAHTOB U KapIHKOB?

3. KaxoBsI pazmepbl caMbIX MaJ€HbKUX 3BE317

4. [lepeuncnure U3BECTHBIE BaM THIIbI IEPEMEHHBIX 3BE3.

5. [lepeuncnure BO3MOXXHbIE KOHEYHBIC CTaJUU HIBOJIOLUH
3BE3I.

6. B uém npuunna uzmenenus 6inecka unepenn?

7. [Touemy niepenipl HA3BIBAIOT «MasikamMu BceneHHoi» ?

8. UYro Takoe mynbcapsl?

3.
ecT Mo TeMe MpakTH4Yeckol padorbl Ne7 mo Teme: Buabl 3BE31.
Maccet u  pasmepbl 3Be3a. Llegenmabpr — mMasku BceesieHHOM.

JBoJIIOLMS 3Be3/1 Pa3jJIMYHOM Macchl. 3aKOH cMeleHusi Buna.

1. B yem 3akmiouaercs cyTh auarpammsel ['epummnpynra- Pecena
(CTIEKTp-CBETUMOCTB)

a) TO0 TOPH3OHTAIHHOM OCHU- CIEKTPAJbHBIH Kiacc (WUiu
TEeMIEepaTypa) 3Be3/, a M0 BEPTHUKATHHON — UX CBETUMOCTh

0) 10 TOPU3OHTAIBHOW OCH- CBETHMOCTH 3BE€31l, a IO
BEPTUKAJIBHOM — UX CIIEKTPAJIbHBIN Ki1acc (WK TeEMIEpaTypa)

B) HET BEPHOTO OTBETA

2. CKOJIBKO CYILIECTBYET KJIACCOB CBETUMOCTH?

a)5 0) 7 B)10 )12

3. OCHOBHOI METOJ UCCIEA0BAHNS SBOJIIOLINH 3BE3 .

a) MOCTPOEHHE MOJIETTU BHEIIHETO CTPOEHUS 3BE3]]

0) OCTpOEHKE MOEIH MOJIHOTO CTPOCHHUS 3BE3]T

B) TIOCTPOEHUE MOJIEIM BHYTPEHHETO CTPOEHUS 3BE3]1

4. Kakve BenmWYHMHBI HYKHO 3HATh JUIsI TIOCTPOSHUS MOJETH
BHYTPEHHEr0 CTPOCHHUS 3Be3/17

a) XUMHUYECKHUI COCTaB

0) naBneHue (TUIOTHOCTH)

B) TEMIIepaTypa

r) 00beM

1) Macca

5. Ha3oBute
3BE371000pa30BaHUsI.

a) CTOJIKHOBEHHE MOJIEKYJISIPHBIX 00JIaKOB

0) 3BE3HBIN BETEP OT MOJIOJBIX TOPSIUUX 3BE3]T

B) YJapHble 3Be3Jlbl, MOPOKJIECHHBIC BCIBIIIKAMH CBEPXHOBBIX
3BE3]

6. Ilpyu kakoM yCJIOBUM TPOUCXOJMUT pacChaJ Ha OTACIbHBIE
(bparMeHThI-CrycTKH?

a)I0CTaTOYHO BEITUKOU MaCChI

0) 1OCTaTOYHO BEJIMKOTO JaBJICHUS

B) IOCTaTOYHO BEJIHMKOM MJIOTHOCTH

7. Ilpu kakoM Ipolecce IPOUCXOAUT Pa3orpeB MPOTO3BE3AbI?

a) TPaBUTALIMOHHOE pacIIUpEeHUe

0) rpaButanmonoe cxarue

8. OT 4yero 3aBUCHUT JTUTEIBLHOE CKATHE MPOTO3BE3bI?

a) ooObeMa

0) IIIOTHOCTH

B) MacChI

9. Kakoit MOMEHT Ha3bIBAECTCS POKIICHUE 3BE3/IbI7

a) MOMEHT Hauajia TeIUIOBBIX peaKIui

0) MOMEHT HavaJa sIICPHBIX PeaKIuil

B) MOMEHT Haydajla TEPMOSIICPHBIX PEaKIUil

10. Kakyro 3Be311y Ha3bIBAIOT O€JIbIM KapJIUKOM?

a) KOMIIAKTHas 3Be3Ja C MaccoW, paBHOM NPUMEPHO Macce
3emiu, paguycom npuMepHo B 100 pa3 MeHbIe 3emiiu

0) KoMmMmakTHas 3Be3/la C MAacCOi, paBHOW NPHUMEPHO Macce
ComnHiia, paguycoM npumepHo B 100 pa3 mensine CosHia

B) KOMIIaKTHAas 3Be3/]a C Maccoi, paBHOM puMepHO macce JIyHsl,
panuycoM nipumepHo B 100 pa3 mensbie JIyHsb

BHEUIHUE  NPUYUHBL,  CTUMYJHPYIOIIHE

OTBETHI HA TECT

1-a



2-B

3-0
4-a,0,B,1
5-a,0,B
6-a

7-0

8-8

9-8

10-6

Crnucok nureparypel

6. ActpoHomus: yyeOHUK Ut ipod. oOpa3oBaT. opranuzanuii /
[E.B. Anekceesa, II.M. CkBopuos, T.C. ®emenko, JI.A. lllecrakosa],
nox penakuued T.C  @emenko. — M.: HM3garenbckuil  LEHTP
«Axanemus», 2019 — 256¢

2. Boponnos-BenbsamunoB b. A., Ctpayt E. K. «Actponomus. 11
KJIacC». YUeOHUK C AJIEKTPOHHBIM npuioxkenneM — M.: [Ipoda, 2019

IIp. p. Ne 8.

Tema 3ansaTusi: IIpodiema cymecTBOBaHMSI JKH3HH BHe
3emun. YcioBusi, HeoOXoAuMble JJs1 pa3BuTusi ku3Hu. Ilomckm
KN3HH Ha miaHeTax CouHeyHO# cuctemMbl. Cl10KHbIe OpraHuvecKue
coeTHHEHHUs B KOCMOcCe.

He.]'[h: BBISIBUTH, HACKOJIBKO 6JIH3KI/I HaquHe HUCCJICO0OBAaHUA U
MMOUCKH K OOHApYXEHUI0O BHE3EMHOHN J>KM3HU, TEOPETHYECCKH H3YUUTh
BO3MOXXHOCTb )XU3HU Ha IJIaHETax COJIHG‘-IHOﬁ CHUCTEMBI U 3K30ITIJIaHCTAaX.

Ilnan padoThl 00yuyaronerocs:

1. B TeTpaau 3anucath naty 3aHATHS U TEMY 3aHSATHUA.

2. 3yunth MaTepuai TEMbI 3aHATHUS:

IIp. p. Ne 8. IIpobsema cymecTBOBaHUS KU3HM BHe 3eMJIM.
YcnoBusi, HeoOXoauMble AJsi pa3BuTus kKu3HHu. [loucku ku3Hm Ha
mianerax  CoJuHewyHoil  cucrembl. Cll0kHbIE  OpraHuYecKHe
coeJMHEHUsI B KOCMOcCe.

(JIekmuto m3yunth  oOs3arenbHO! Bumeo W mpe3eHTanuu 1o
JKCJIAHUT0, HO TaM UHTCPCCHBIC CBC,Z[GHI/IH.)

3. OrBeTuTh Ha BOIPOCH s CAMOKOHTPOJSI MHCbMEHHO
(KpaTko) U OTHPABJIIEM Ha KOHTPOJIb).

MATEPUAJL JIA U3YUEHUSA

IIpoGaema cymecTBOBaHUSI KM3HM BHe 3eMJId. YCJIOBHS,
HeoOXoauMble 1Jis1 pa3sBUTHA kKu3HU. [loMcky KU3HHM Ha MIaHeTax
Conneunoit cucrembl. C/i0)kHBIE OpPraHHYecKHe COCJUHEHHS] B
KocMmoce.



Uctounuxk: https://100urokov.ru/predmety/est-li-zhizn-vo-vselennoj

N3ydenue xxu3nu Bo BeeneHHONW — OJTHA U3 CIOKHEUIIMX 3a/1a4,
C KOTOpOH KOTJa-TuO0 BCTPEUANOCh YeJIoBeuecTBO. Benb peusb uuer o
SBJICHUU, C KOTOPBIM JIOASIM, IO CYIIECTBY, €lle He NPUXOIUIOCHh
HETMOCPE/ICTBEHHO CTAJIKMBAThCS. UenoBeK elle He MOOBIBAl Ha JIPYTHX
HEOECHBIX TeNax, He BUJEN HU OJIHOTO BHE3EMHOTrO >KMBOT'O OpraHH3Ma.
Bce JAaHHBIC O XM3HHU BHC 3€MJII/I, BCEC 663 HUCKIIFOUYCHHA, HOCAT YHCTO
TUNOTEeTHYECKU xapakrep. Ha kaxaoMm »sTame pa3sBUTHUS MHPOBOTO
COO6H.[€CTBa YUYCHBIC HC TOJIbKO BBICKA3bIBaJIM MBICIIN O CYIICCTBOBAHUU
BHE3EMHBIX (OpPM KH3HH, HO M TBITAIMCh HAWTHU JI0KA3aTEIbCTBA
CYHICCTBOBAHHA BHC3CMHBIX I.[HBPIJIPBB.I.IHﬁ U YCTAHOBUTH C HUMU CBA3b.
B 1899 ronmy 3HamenuThlii cepOckuii wm3ob6peratenr H. Tecma
OHY6HI/IKOBa.H pacckas o HGOGBI‘IHBIX CUTrHaJIaX, IOJIYUYCHHbBIX MM BO
BpEMsI OIBITOB, MTO3/IHEE 00 3ToM ke coobmun I'. Mapkonu.OcHOBHBIMHU
aToOMaMH, BXOIAINIMMHU B COCTaB TCX MOJICKYJIAPHBIX KOMIUICKCOB, U3
KOTOpPBIX 00pa3oBajoch JKMBOE BEIIECTBO, SABIAIOTCS  BOAOPOI,
KHUCITIOPO/I, @30T | yriepo. Poik mociennero ocooeHHO BaKHA. YTIIepo.
- YeTbIpEXBaJEHTHBIA 3neMeHT. [loaToMy TONBKO  yriiepojHbIe
COCAUHCHUA TTPUBOIAT K 06pa303aHmo AJIMHHBIX MOJICKYJIAPHBIX I.[GHGIZ
c OoratbIMM M W3MEHUUBHIMH OOKOBBIMU OTBETBJICHUAMU. IMEHHO K
TAKOMY THITY IPHHAIJIKAT Pa3IUUHbIe OEIKOBBIC MOJICKYJIBI.

[Ipen Hamu TaifHBI OOHAXKATCH,
Bo3zosentyT nansHue MUPHI. ..
A.biok

N3ydenue xxu3nu Bo BeeneHHOW — OJIHA U3 CIIOKHEUIIMX 3a/1a4,
C KOTOpPOHM KOTAa-Tu00 BCTPEYAIOCh YeJIOBEUeCTBO. Benb peub uuer o
SIBICHUHU, C KOTOPBIM JIIOJIIM, MO CYUIECTBY, €Ill€ HE MPUXOAHIOCH
HEIOCPEICTBEHHO CTAJIKUBATHCs. UeoBEK ele He MOoObIBAJI Ha JAPYTHX
HEOECHBIX TeNNax, He BUJEN HU OJIHOTO BHE3EMHOTO JKMBOTO OpTraHH3Ma.
Bce nmaHuble 0 JXKM3HU BHE 3eMIIH, BCe 0€3 HMCKIIIOYEHMS, HOCSIT YHCTO
TUIIOTETUYECKUN XapaKTep.

[MoaToMy ToONBKO TIIyOOKOE WCCIEAOBaHUE OHOIOTHYECKHUX
3aKOHOMEPHOCTEM, C OJHOW CTOPOHBI, U KOCMHYECKUX SIBICHHH, — C
ApYyToii, TIIATENbHEHIIEe COMOCTAaBICHUE M aHaJIM3 Pa3HOOOpa3HBIX
JNAHHBIX, HAKOIUIEHHBIX pAa3JIMYHBIMU  €CTECTBEHHBIMH HayKaMH,
CIIOCOOHBI TPHUBECTH K YCIEXy B pEIICHWH ITaHHOTO BOMpOCa W B
JaNbHENIIEM TPUMEHEHHUE MTOTYYEHHBIX pPe3yJIbTaTOB UCCIEAOBAHUMN ISl
MTOVICKOB BO BCEJICHHON HE3eMHBIX ()OpM KH3HHU.

3) Ilpoananu3upoBaTh [aHHBIE, IPEIOCTABICHHBIE YUYEHBIMU
NASA, cTaThu U3 CpelCTB MacCOBOW MH(POPMAIINH, TAKWE KaK HAYYHO-
[OMYJIApHBIE JKypPHAJIBl B II€YaTHOM H DJIEKTPOHHOM BHIE, a TaKKe
HayuyHbIe CUMYIIATOPbI cTpoeHus ["anakTuku Takue, kak Celestia.


https://100urokov.ru/predmety/est-li-zhizn-vo-vselennoj

ITouck BHE3eMHOMW XKM3HM - 9TO BCErJa NEpeAHUN Kpal HayKH,
100 BOIIPOCHI MPOUCXOXKICHHSI KU3HU U MeCTa 4eJloBeka Bo BceeneHnHoi
OPUHAAISKAT K YUCIY BaXHEHIIMX, (YHIAMEHTAIBHBIX HAy4YHBIX
npo0jeM, B PEIIEHUMH KOTOPBIX Y4YacTBYET KaXJ10€ HOBOE IOKOJICHHE
JIOJIeH B TOM YMCJIE OHU OKA3aJIUCh UHTEPECHBI U JUUIS1 MEHS.

N3 ucropuu Bompoca.

['nsinst Ha MuIMApABl 3BE31, KUTENU 3eMJIM YK€ JaBHO 3aJal0T
Bompoc: «ECTp M KW3HB HAa IPYTUX IUIAHETAaX?», HO MOJY4YUTh HA HETO
HU TOJIOKUTEIBbHOIO, HU OTPULATEIBHOTO OTBETA HE MOTYT, XOTSA U
IPEIPUHUMAIOT CaMble Pa3HOOOpAa3HbIE MOMBITKUA BBISICHUTH UCTHHY. U
MyCTh HAJEXKJbl OCTACTCS BCE MEHBIIE U MEHbINE, HO IO MOHSATHOMI
IPUYMHE YEJIOBEK BCE-TaKM XOYeT HAaMTHU B KOcMoce coOpaTheB IO
pasymy.

Y MHOTHX ApPEBHUX HapOAOB HA HeOE KWIM TyXyu U O0TH, HHOTA
B HEUMOBEPHBIX KOJMYECTBAX, OT BOJM KOTOPBIX SKOOBI 3aBHCENA
3eMHas KU3Hb YeJOBeKa. AHaKcarop, BEJIMKUN yueHbld JlpeBHeH
I'peunn, cuuran, 4yTO 3apoOJbINIA XKU3HH €CThb Be3ae, a Merpoaop
XHWOCCKHI MHUCaj, 4TO TJIYNO CYUTATh IUIAHETY 3€MJId €IMHCTBEHHO
00UTaEMOM.

Jlykpeuuit Kap B I Beke nmo Hamieir 3psl B mosme “O mpupoje
Bellel” mucai:

Bo Bcenennoii emie v Apyrue UMEOTCs 3€MJIHA

Jla m mrozeii miemMeHa, a TakKe pa3jauyHbIe 3BEPU

Ha »1y Ttemy paccyxnan 4 cTojieTHMs Has3aJ WTAIbSHCKUN
¢mnocod Txopmano bpyno. bnaronmaps I'amumnero, koTopsiii nzobpen
teneckor, B XVII Beke Ha Jlyne Obutn O0OHApyKEHBI JOJUHBI U TOPHI,
MOSIBUJIOCH MPEAIOJIOKEHUE O €€ KUTEIAX — «CeleHuTax. Tak pyxHyJo
npeJicTaBlIeHne 0 00’KECTBEHHOM MpeAHa3HAY€HUU HaJTyHHOTO MUpA.

Wnes BedHOCTH XW3HM ObUIa BhIpaXXEHA B TPYJaxX MIBEICKOTO
ydyeHoro AppeHuyca. B Hauane Hamiero Beka OH pa3paboTayl TeopHio

MIAHCIEPMUH, KOTOpas JIMILb I[OBTOpsjaa MO CYTH HJIEU JAPEBHUX
MBICIMTENEN, HO paclpoCTpaHsia UX Ha 0oJiee IMPOKHE KOCMHYECKUE
npoctopel. CorizacHO 9STOW TEOPUM pacCesiHHbIE B MHPOBOM
IIPOCTPAHCTBE 3aPO/BIIIN KU3HHU, HAIIPUMEDP, CIIOPbl MUKPOOPTaHU3MOB,
MEPEHOCATCS] C OJHOrO HEOECHOro Tella Ha JPYroe ¢ METeOpUTaAMU WIIH
HOJI IEHCTBHEM JABJICHUS CBETA.

Ha xaxgom 3tamne pa3BUTHS MHPOBOTO COOOIIECTBA yUCHBIC HE
TOJIBKO BBICKA3bIBAIM MBICIH O CYIIECTBOBAHWU BHE3EMHBIX (QopM
KU3HW, HO W TBITAIMCh HAWTH JIOKA3aTelIbCTBA CYIICCTBOBAHHS
BHE3EMHBIX IMBWIM3AIMI U YCTaHOBUTH C HUMHU CBsizb. B 1899 rony
3HAMEHUTHIN cepOckuii n3ooperartenp H. Tecma omybaukoBan pacckas o
HEOOBIUHBIX CHUTHANIAX, MOJTYYCHHBIX UM BO BPEMS OIBITOB, MO3AHEE 00
3TOM k€ coobmrmi I'. MapkoHwm.

[To3ke BBISICHMIIOCH, YTO OSTH CHTHAIBI OT «3EJICHBIX
YEJIOBECYKOBY OKa3aJMCh He 0Oojiee, YeM IyJbcapaMd WU HWHBIMH
MEePUOJNYECCKIMH  PAJMOCHTHATAMH OT E€CTECTBEHHBIX HEOECHBIX
00BEKTOB.



B nmepByto uerBepth XX CTOJETHS Takke MNPEANPUHUMAINCH
Ppa3pO3HEHHBIE MOMNBITKA HAWTH CUTHAJIBI BHE3EMHBIX nuUBMiM3auuid. Ho
BECOMBIX PE3YJIbTaTOB MOMYYUTh HE YAAIOCh, U UCI0 BPEMEHHO 3a0bLTH.
ITocie BTopo¥i MHpOBO BOWMHBI, KOTOPYIO MEPEKHUIA UCTOPUSI 3€MHOU
IMBWINW3AIlMM, HAYYHOE M TEXHUYECKOE pa3BUTHE IIArHyjlao0 JaleKo
BIIEpE], BO3HMKJIA HOBas HayKa — pPaJMOaCTPOHOMHMS, KOTOpasl cTana
0a3oif  uIg  CIEQyMIIero  BUTKA  HMHTEpEca K BHE3eMHBIM
HMBUJIM3ALHAM.

B 1959 ronmy ¢wmsuku JI. Kokkonu u @. Moppucon
oOHapoJ0Balli MPEANOJI0KEHHE, YTO C BHE3EMHBIM Pa3yMOM MOXKHO
YCTAHOBUTH KOHTAKTHI C MOMOIIbIO PaAOBOSH. OHAKO MTOUCK CUTHAJIOB

U3 KOCMOca HM K 4yeMmy He mnpuBed. CleAylouMM 3HAYMMBIM IIarom
curtaetcst mpoekT «O3ma» D. Jlpeiika, HCKaBIIEro CUTHAJIBI C TIOMOIIBIO
25-MeTpOBOrO  PAJAMOTENECKONa,  PACHOJNOKEHHOTO B 3amaaHou
Bupmxunun.

B 1971 rony NASA mnposiBuio >xenanue (hUHAHCHPOBATH
npoekt SETI, wusBectHwnii kak «lluxkmon». OH mpemycMaTpuBai
UCMOJIb30BaHUE 1,5 THICAYM PaTUOTENECKONOB ISl TIOUCKA CUTHAJIOB U3
Bcenennoii. Ho Bmecto HeoOxoaummbix Ha Hero 10 mupa mosutapoB
BBIJICIUIIM CPEJCTBA TOJBKO Ha OTHPaBKy B CTOPOHY ILAPOBOTO
3BE3/IHOTO CcKorwieHuss M 13 3ammdpoBaHHOTO COOOIICHHS.

B 1974 rony B CIIA Obuia 3amymieHa aBTOMaTHYecKas
MexrianeTHass ctaHiusa “Iluonep-10”. Heckombko mneT cmycts oHa
MOKHHYJIa TpeNenbl COJHEYHOW CHUCTEMbI, BBIIOJHUB pa3JInYHbIC
HayuHble 3a1aHus. ECTh HUYTOKHO Masasi BEpOSITHOCTh TOTO, UTO KOTa-
HUOY/Ab, 4Yepe3 MHOTHE MHUIMApAbl JIET, HEBEIOMBIE HaM BBICOKO
UBWJIM30BAaHHBIC MHOIUIAHETHBIE CcymiecTBa oOHapyxkat “Iluonep-10" u
BCTPETAT €ro Kak MOCJaHIla Yy>Koro, HeBeJoMoro Ham, mupa. Ha stoT
clly4aifi BHYTPM CTaHLIIMM 3aJI0)KEHa  CTajbHas  IUIAaCTUHKAa C
BBIIPAaBUPOBAHHBIMU Ha HEHl PUCYHKOM M CHMBOJIAMH, KOTOpBIE TAIOT
MUHUMAaJbHYI0O HH(GOPMALMI0O O Hamled 3eMHOM [MBWIM3ALMU. ITO
n300pakeHNe COCTaBJIEHO TaKUM 00pa3oM, 4TOOBI pa3yMHBIE CYIIECTBa,
HAaIIe/III1e ero, CMOIJIM ONPEAETUTh MOJ0KEHHE COTHEUHON CHCTEMBI B
Hameit [amaktuke, noragaiauch OBl O HameM BHJE H, BO3MOXKHO,
HaMEpPEeHUIX

C 1995 roma acrponomsl CIIIA, mnorepsB Hamexay Ha
MOJIy4eHHUE CPEACTB OT IPAaBUTENbCTBA, OOpATWIIUCh K YaCTHBIM
uHBecropaM. B Kamudopuun co3ganun Hekommepueckuii MHCTHUTYT
SETI, ydenple KoTOporo 3amycTWiu TpoekT «®Denukcy. OH
IpeaycMaTpUBAET U3YUCHHE 3BE3/] COJIHEUHOTO KJIacca, paclooKeHHBIX
ommke Bcero kK 3emuie. C TeX mop MPOCKAHUPOBAHBI OOJNBIINE THICSYU
IUTAaHET, HO BECOMBIX JIOCTHXKEHHUH mo-mpexkHeMy Her. Kak He npan
pesyabpTaToB u npoekT SETI@home actponomoB u3 bepkiu, koTopsie ¢
1999 roma nmpuBnekaM K paboTe MIJUITMOHBI  MOJIb30BaTENeH
KOMITBIOTEPOB.

I.BCPOHTHOCTB CYlIeCTBOBAHUA BHE3CEMHbBIX IMUBUJIN3ANUN U
He00XoAMMbIe yYciaoBud AJad X BOSHUKHOBCHMUS.



Jlis BBIpaOOTKHM CTpPATETUU IMOMCKAa BHE3EMHBIX ITUBUJIM3AIUI
(BLI) u B HOs10pe 1961 roga Ha actpoHOMHYECKOH KOH(pepeHuu B [ pun-
Bbonk (CIIA) amepukanckuii yuenoiii @psuk Jpoiik (Frank Drake)
MIPEIOKIIT CBOIO 3HAaMEHHTYI0 popMmyity Jlpeiika:

n = N*P1*P2*P3*P4*(t/T),
IJ€ N — YUCJIO HUBUIM3AIMN, UIMYIUX KOHTakTa [?7?? - BBA], B Hamei
T'anmakTuke;

N - KOJIMYECTBO 3BE3]I B I"anakTuke;
P1 - BepoATHOCTH TOro, 4YTO 3BE€3[la HMMEET IUIAHETHYIO CHUCTEMY;
P2 - BepoATHOCTH TOro, 4YTO Ha IUIAHETE €CTh JKU3Hb;
P3 - BeposTHOCTH TOro, 4YT0O Ha IUIAHETE €CTb  pPa3yM;
P4 - BeposTHOCTH TOro, 4YTO Ha IUIAHETE €CTh TEXHOJOTHS;
t - JJIUTEIbHOCTD TEeXHOJIOTHUECKOU dpLI;

T — Bo3pact ["amakTukm.

Ho, ctout oroBoputhcs, uTo (hopmyna oueHuBaeT uucio BI]
TOJIbKO OHMOJIOTMYECKOr0 THUIA M HCKIIOYaeT Jpyrue (Gopmbl KU3HU
(KpUCTaNIMYECKYI0 U T.M.), K TOMY JK€ OHa OIICHMUBAET TOJHKO THII
MJIaHETHI, COOTBETCTBYOmMMM Hameil. B 1979 rony B dhopmyne [peiika
NOSBUJICSL  JIOMOJHUTENBHBIA KO3 dumment PS5,  yuuThiBaromuii
BeposATHOCTH Bbixoga BI] Ha ypoBenb 3Hepronorpednenus. B 2005 roxy
Ob1  gobaBien  kodpdumument P6  (mons  KOMMYHHUKATHBHBIX
nuBriM3aiui). Mrak, monpoOyem pa3o0paThCs HACKOJIBKO MOXKET OBIThH
cnpaBeIiBa 3T1a hopmyna, U CKOJIbKo ke BIl moryr cymecTBoBaTh Ha
JIOCATaEMOM PACCTOSIHUHU, Hanpumep, B Hamreid ["anaktuke

Mbl MoOXeM ce0e TMpeACTaBHTh BOKPYT KaXIOW 3BE3bI,
MMEIOIIEH IUIAHETHYK) CHUCTEMY, 30HY, TEMIIEpaTypHBIE YCIOBHUS B
KOTOPOM  HE  HCKIIOYAIOT  BO3MOXHOCTh  pPa3BUTUS  JKU3HHU.
Bpsan nu ona BO3MOXHa Ha IUTaHeTax Bpoae Mepkypus, Temreparypa
oceniéHHOM COJIHIIEM YacTH KOTOPOTO BBIIIE€ TEMIIEPATypPhl TUIABICHUS
CBHHIA, niau Bpoje HenTyHa, TeMmmepaTypa NMOBEPXHOCTH KOTOPOIO -
200°C. Henb34, OJIHAaKO, HEJ00LICHUBATh OTPOMHYIO
IPUCTIOCOOISIEMOCTh  JKMBBIX ~ OPraHW3MOB K  HEOJIaronpUsTHBIM
ycioBusiM BHemHed cpeabl. Crienyer eimie 3aMeTuTh, 4YTO IS
JKU3HEACITEIBHOCTH KUBBIX OPraHW3MOB 3HAYUTENIBHO “‘OnacHee” OYeHb
BBICOKME TEMIEpaTyphbl, 4YeM HHU3KHE, TaK KaK MpOCTEeHIINe BUJIbI
BUPYCOB U OaKkTepuil MOTYT, KaK HM3BECTHO, HAaXOIUTCS B COCTOSIHUH
aHabmo3a mpu Temrmeparype, ONu3koil K aOcomoTHOMY Hymo. Jlns
SBOJIIOIIMM JKUBBIX OpPraHU3MOB OT MpocTedmux ¢opm (BUPYCHI,

0aKkTepun) K pa3yMHBIM CYIIECTBAM HEOOXOIUMbI OTPOMHBIC MHTEPBAJIBI
BpEMEHHM TaK KakK “JIBIDKYIICH CHJIOW~ Takoro oOTOOpa SBISIOTCS
MyTallMl ¥ E€CTECTBEHHBII OTOOp - MPOLECCHl, HOCAILINE CIy4YaiHbIHI
xapaktep. IMeHHO uepe3 0GoJbIIoe KOJUYECTBO CIy4YalHBIX MPOIECCOB
peam3yercsi 3aKOHOMEPHOE pa3BUTHE OT HHU3MIMX (OpPM JKU3HH K
BhicliUM. Ha mpumepe Hamiei miaHeTbl 3eMJM Mbl 3HA€M, YTO 3TOT
WHTEpBaJl BPEMEHH, IMO-BUAUMOMY, MPEBOCXOJUT MIUIMAPA  JIET.
[ToaToMy TONBKO Ha TUIaHETaX, OOpaIIAlOIIMXCS BOKPYT JOCTAaTOYHO
CTapbIX 3BE3, MBI MOXKEM OKHMJIaTh MPUCYTCTBUS
BBICOKOOPTaHM30BaHHBIX  JKMBBIX  cymlecTB. Ilpu  coBpeMeHHOM
COCTOSTHUM aCTPOHOMHUHU MBI MOKEM TOJBKO TOBOPUTH 00 apryMeHTax B
MOJIb3y THUIOTE3bl O MHOXECTBEHHOCTH IUIAHETHBIX CHCTEM H
BO3MOXXHOCTH BO3HUKHOBEHHS Ha HHX >KH3HH. J[[ns TOro, droOb
TOBOPUTH O KM3HH, HAJO MO KpaillHel Mepe CUuTaTh, YTO JOCTATOYHO
cTapble 3BE3]bI UMEIOT IUIAHETHBIE CUCTEMBbI. /{151 pa3BUTHS KU3HH HA
IJIaHETEe HEOOXOAUMO, 4YTOOBI BBIMIOJNHSJICA paJl YCIOBHH 0OIIEro
xapaktepa. W coBeplieHHO OYEBUAHO, YTO JAJIEKO HE Ha KaxI0M
IJIaHETe MOXET BO3HMKHYTH >kKM3Hb. Kpome Toro, Heo0XoAaumo, 4TOOBI
W3JIy4eHUE 3Be3[lbl Ha MPOTSHKEHWM MHOTMX COT MUJUIMOHOB U JIaXe
MUJUIMAPAOB  JIET  OCTaBaJIOCh  MPHUOJU3UTENBHO  MOCTOSIHHBIM.
Hanpumep, oOmmpHbIi KilacCc IEPEMEHHBIX 3BE3]], CBETUMOCTH KOTOPBIX
CUJIBHO MEHSIFOTCS CO BpEeMEHEM (YacTO TMEPHOIUYECKU), TOJDKEH OBIThH
UCKITIOU€H U3 paccMmorperus. OHAKO H3IydeHHe OONBIIMHCTBA 3BE3J
OTJIMYAETCs YAMBUTENIbHBIM TOCTOSHCTBOM. Hampumep, cormacHo
reoJIOTUYECKUM JaHHBIM, CBETUMOCTh Hamiero CojHua 3a MmocieaHue
HECKOJIbKO MUJUIMAP/OB JIET OCTAaBaJlach MOCTOSHHOW C TOYHOCTHIO IO
HECKOJIBKUX JIECATKOB MPOIEHTOB. UTOOBI HA TUIAaHETE MOTJa MOSIBUTCS
KU3Hb, €€ Macca He JOJDKHA OBITh CIMIIKOM MalleHbKoW. C mpyroit
CTOPOHBI, CIIUIITKOM OOJbIIasi Macca TOXKE SIBISETCS HEOIArompusTHBIM
(dakTopoM, Ha TaKUX IUIaHETaX HEBEIHMKA BEPOSITHOCTh OOpa30BaHUA
TBEPAOH TOBEPXHOCTH, OHU OOBIYHO MPEICTABISIIOT W3 ce0si Ta30BbIE
mapel ¢ OBICTPO pacTyllel K IEeHTPY MIOTHOCThIO (Hanpumep FOnurtep u
Carypn). Tak unam wHave, MacChl IUJIAHET, MPUTOAHBIX ISl PAa3BUTHS
KHU3HHU, JTOJDKHBI OBITh OrpaHMYEHBI Kak CBEpXy, Tak u cHuzy. Ilo-
BUJIUMOMY, HMKHSSI TPaHWILA BO3MOKHOCTEH MAacChl TAaKOW TIJIAHETHI
0JIM3Ka K HECKOJIbKMM COTBIM MaccChl 3eMJIM, a BEpXHsS B JECIATKU pa3
MPEBOCXOIUT 3eMHYI0. O4eHb OOJBIIOE 3HAYCHHE MMEET XUMHUYECKHA



COCTaB MOBEPXHOCTH U aTMmocdepbl. Kak BUAHO, mpeaensl mapaMeTpoB
IJIAHET, IPUTOIHBIX IS KU3HU, JOCTATOYHO IIUPOKHU.

OCHOBHBIMHU aTOMaMHM, BXOJSIIMMH B COCTaB TE€X MOJIEKYJISIPHBIX
KOMIUIEKCOB, M3 KOTOpPBIX 00pa30BaloCh KMBOE BELIECTBO, SIBISIOTCS
BOJIOPOJ, KHCJIOPOA, a30T M yriepoa. Poib mocienHero ocobeHHO
BaKHA. YTJEPOI - YEThIPEXBAJIEHTHBIA 3yieMeHT. [loaToMy TOJIBKO
yIJIEpOJHBIE COCOUHEHUS TMPUBOJIAT K OOpa30BaHUIO  JUIMHHBIX
MOJIEKYJISIPHBIX Llerell ¢ OoraTrbIMU U HU3MEHYUBBIMH OOKOBBIMU
OTBETBJICHUSIMU. VIMEHHO K TakoMy THIy HPHHAJJIEKAT pa3IMuHbIE
OCIIKOBBIC MOJICKYJIBI.

JlpyruM BaKHEHIIMM YCJIOBHEM I 3apOKICHUS JKU3HM Ha
IUTAHETE SIBJIAETCS HAaU4KMe Ha €€ MOBEPXHOCTU JIOCTATOYHO OOJBIIOrO
KOJIMYECTBA KUJIKON Cpelpbl.
B Takoil cpene HaxoAsATCSs B PACTBOPEHHOM COCTOSIHUM OPraHUYECKHE
COCMHEHUS U MOTYT CO3JaBaThCs OJIarONpUSATHBIC YCIOBUS IJIsi CHHTE3a
Ha KX OCHOBE CJIOKHBIX MOJIEKYJSIPHBIX KOMIUIeKCOB. Kpome Toro,
KHUIKasg cpena HeoOXOAMMAa TOJBKO YTO BO3HMUKIIUM  YKUBBIM
OopraHM3sMaMm  JUisi ~ 3alUThl  OT  TyOWUTENbHOrO  BO3AECHCTBUS
yIbTPa(UONIETOBOTO  M3IYyYeHHs, KOTOpO€ Ha Ha4yaJbHOM JTare
SBOJIIOIHMH TIJIAHETHI MOXET CBOOOJHO MPOHUKATh O €€ MOBEPXHOCTH.
MOXHO O0XKHIOATh, YTO TAKOH >KMIAKOM OOOJOYKOM MOXKET OBITH TOJBKO
Boga OHaKo, B IPUHLINIIE, HE UCKIOYEHA BO3MOKHOCTh, YTO HA IPYTUX
HEOECHBIX TeNax, MPH UHBIX (PU3UYECKUX YCIOBUSAX MOXKET ObITh M MHAS
XUMUS KUA3HU.

Tak, Hanmpumep, B pOJIM XHMHUYECKOTO PACTBOPUTENS MOXKET
BBICTYNIaTh HE TOJBKO BOJA, HO W HEKOTOpBIE JPYrHE€ BEIECTBA,
oOnajaromue omnpeneleHHbIMU cBoiicTBamMu. K HUM, B 4YacTHOCTH,
OTHOCSITCSI CIIOCOOHOCTH PacTBOPATH OOJBIIOE KOJIUYECTBO Pa3IMUHBIX
BEIIECTB M Xopomas TeKydecTb. Kpome TOro, pacTBOpUTENb IOJKEH
MEJIEHHO HarpeBaThCsl U1 MEAJIEHHO OCTBIBATh. DTO HEOOXOIUMO, YTOOBI
IPEIOXPAaHUTh KUBOM OpPraHU3M OT PE3KUX TeMIIEPaTypHBIX KOJIeOaHUH.
Xopouio TaKXe, ecnu pacTBOpUTENH obnamaer HHU3KOMN
TEIUIONPOBOAHOCTRIO. OJTO CO3JA€T JAOIOJIHUTENbHYIO 3aIIUTy OT
BO3MOJKHBIX U3MEHEHU TEMIIepaTyphbl.

BaxHOU XapaKTEpUCTUKOM SBJISAETCSA U TAK Ha3bIBaeMas CKpbITas
TEIJIOTa MEPEXOAO0B, T. €. TO KOJWYECTBO KaJIOPUH, KOTOPOE HYKHO
3aTpaTuTh, 4YTOOBI OJMH TIpPaMM JaHHOTO BEIIECTBA IIEPEBECTH W3
TBEpJOH (a3bl B )KUAKYIO M U3 KUJIKOW B razoo0pasHyro. [Ipu BbICOKO#

TEIUIOTE NEPEXOJI0B PACTBOPUTENDL 3aLIMUILEH OT JIETKOTO 3aMep3aHMs
WY 3aKUIAHUsA, a JTO paclIMpseT TEMIIEpaTypHbIE IPEaeIIbl
CYILIECTBOBAHUS aKTUBHOM >KU3HMU.

[ToaxoasmumMu «KU3HEHHBIMH DPACTBOPUTEISIMU» ISl HU3KHX,
TEMIIEpPaTyp MOTYT OBITh, HAPUMEP, PTOPUCTHIN BOJOPO]I MM aMMHAK.
DTOPUCTHIN BOAOPOA 3amep3aeT npu Temmeparype —83° C, a KUNUT
npu temneparype +20° C. UYro ke KacaeTcs aMMHaka, TO IpH
aTMOC(EpHOM JIaBJICHUH OH CYIIECTBYET Npu Temmeparype ot —78° C
no —33° C.

ITpu temneparype ot 0° C no —100° C pacTBopUTEIEM MOXKET
OBITh CEPHUCTBIN aHTUIPUJ, BBIICISIONIMICS TPU BYIKAHUYECKUX
SBICHUAX, a ipu Temmeparype Hmwke 100° C okuck ¢ropa, Mo MHOTUM
CBOWCTBaM HamoOMHUHAoOMIas Boxy. UTo ke KacaeTrcs eimie 0ojiee HU3KUX
temreparyp, Hike —200° C, To mo00HbIC YCIOBUS BPSJT JIU MPUTOTHBI
st ku3HU. [lpu Takoil; TeMmmepaTrype XMMHYECKHUE CBS3HM C aTOMaMH
YIJIEpOa CTAHOBATCS HACTOJIBKO TPOYHBIMHM, YTO OpraHUYECKHe
MOJICKYJIBI TEPSIOT CIIOCOOHOCTH 3()(DEKTUBHO yUaCTBOBATh B PEAKIIHSX.

C npyroii CTOpOHBI, MOXHO MPEACTABUTDH ceOe KUBBIE MOJIEKYJIbI,
B KOTOPBIX POJIb YIJIEPOAa BBIMOIHSAET KaKOH-TH00 APYrod XUMHUECKUI
3JIEMEHT, HampuMep, KpeMHUW win repManui. KpemHueBas wuinu
repMaHueBasl KM3Hb MOrja Obl CYIIECTBOBAThH JIMIIL MPHU JOCTATOYHO
BbICOKMX Temmeparypax or 200° nmo 400° Ilenscus. CpolicTBa
pacTBOpUTelied €  BBICOKMMHU  TEMIIEpaTypaMH IOKa  H3yYEHBI
HenocratoyHo. Ho, B mpuHOuMIE, Takue ToOpsYue <OKMU3HEHHBIE
pacTBOPUTENN» MOXHO ce0e TMpenCcTaBuTh, HAlpPUMEpP, CEPHUCTHIE
coenuHeHus Ghochopa U HEKOTOPHIC APYTHE.

Ho, pasymeercs, Bce 3TO TOJIBKO MPEATIONOKEHHS, XOTS IPH TOM
OECKOHEYHOM pa3HO00pa3uu, KOTOpoe CyIIecTByeT Bo BeeneHHoid, Bpsia
JIA XMMHMS KUBOTO BE3JIE SIBIISECTCS TOYHOW KOIMEW 3€MHOM.

Ho Bce aTu paccyxneHusi KacaroTcs TOJIBKO MpOoCTeUmux (Gopm
xu3Hu. Korga ™Mbl mepexoiuM K BO3MOXHOCTH TE€X WM HHBIX
MPOSIBJICHUM pa3yMHON >KW3HUM BO BceneHHOH, Mbl CTaJIKMBaeMcs C
OuYeHb OONBIIMMH TPYAHOCTSMH. JKH3Hb Ha KAaKOW-HUOYIb IUIAHETE
JOJDKHA TMPOJAENaTb OrPOMHYIO JBOJIIOLMIO, TPEXKIE 4YEeM CTaTh
pa3yMHOM. JIBuXKyIas Cuia 3TOi 3BOJIOLUHU - CIOCOOHOCTh OPTraHU3MOB
K MyTalusM W €CTeCTBeHHBIM OTOOp. B mporecce Takoi 3BOJIOIUH
opraHu3Mel Bcé€ Oonee M Oornee YCIOXKHAIOTCA, a HUX 4YacTh -
CHELUATU3UPYIOTCA. Y CI0KHEHUE UAET KaK B Kau€CTBEHHOM, TAK U B



KOJIMYECTBEHHOM HarmpaBieHHH. MOXKeM JI1 MBI, OJJTHAKO, TAKOU MpoIiece
CUMTaTh YHHUBEPCAJIbHBIM JJI SBOJIOIHMHM >KU3HU BO BCEX YroOJKax
Bcenennoii? Ckopee Bcero — Het! Benp B NpUHIMIE IPU COBEPILIEHHO
JIPYTUX YCJIOBHS CPEJACTBOM oOMeHa HHpOpMAaIHMell MEXIy 0coO0sIMHU
Moriii OBl CTaTh HE MpPOAOJIbHbIE KojeOaHus armochepsl (Win
ruapocdeprl), B KOTOPOH KUBYT OTH OCOOM, a HEUYTO COBEPIICHHO
npyroe. Ilouemy Obl He mpeacTtaBuTh cebe crmocod0 oOMeHa
nH(opmarel, OCHOBaHHBIN HE Ha aKyCTHYECKuX 3 (deKTax, a, CKaKeM,
Ha ONTHUYECKUX WU MarHUTHHIX? W BOOOIIE - Tak U YK 00s3aTeNbHO,
YTOOBI KU3Hb HAa KaKOW-HUOY/b MJIaHETE B Mpoliecce €€ HBOIIOLMH cTajla
pazyMHON?

Ho paxe ecnm mpeamosioxkuTh, YTO BO BCEJIEHHOW CYHIECTBYIOT
BBICOKOOPTaHM30BaHHBIC pa3yMHBIE (OPMBI KHU3HU, TO KAKUMH MOTYT
OBITH KaHaJbI CBS3U MEXIAY MUHU?

2.B03MOKHBIE CPEICTBA CBSI3M ¢ HHOILUIAHETSHAMH

VY4yeHble NpUIUIA K BBIBOJY, YTO HamOOJIee €CTECTBEHHBIH U
MPAKTUYECKH OCYIIECTBUMBIM KaHal CBS3M MEXIYy KaKUMU-HHOYIb
IUBUJIM3ALUSAMY, Pa3AeNEHHBIMU MEK3BE3THBIMU PACCTOSHUSIMH, MOXKET
OBITh YCTAQHOBJICH C TOMOIIBI0 IIEKTPOMArHUTHBIX BOJH. OueBUIHOE
MPEUMYIIECTBO TAaKOrO THIIA CBS3M - PACHpPOCTPAHEHHWE CHUTHaja ¢
MaKCHMaJIbHO BO3MOXKHOH B TPHUPOJIE CKOPOCTHIO, PABHOW CKOPOCTH
pacipoCcTpaHeHus ANEKTPOMArHUTHBIX BOJIH, U KOHIICHTPAIUsl SHEPTUH B
npelenax CpPaBHUTENHHO HEOONBINIUX TEIECHBIX YITOB 0€3 CKOJbKO-
HUOYJb 3HAYUTENILHOTO paccesHus. [ JTaBHBIMH HENOCTaTKAMU TaKOIo
METOJla SIBJISIOTCS MaJeHbKas MOIIHOCTh NPUHUMAEeMOT0 CHTHala H
CUWJIbHbIE TIOMEXH, BO3HHUKAIOIIME U3-33 OrPOMHBIX PACCTOSHUA U
KOCMHUYeCKHX wu3nydeHuid. Cama mpupoja MOJACKAa3bIBa€T HaM, YTO
nepesavyn JOHKHBI UATH Ha JUTMHE BOJHBI 21 caHTUMETp (AJIMHA BOJIHBI
U3ITy4eHUs: CBOOOAHOTO BOAOPOA), IPH STOM IMOTEPU SHEPTUU CHUTHAIA
OyqyT MUHUMAaJIbHBI, a BEPOSATHOCTh MpUEMA CHTHajIa BHE3EMHOMU
[UBUJIM3AIUEN Topa3io OOJIbIIE, YeM Ha CIy4YaitHO B3STOU JUIMHE BOJIHEI.
BeposiTHeli Bcero, 4To U 0KHIaTh CUTHAJIIOB U3 KOCMOCA Mbl TOJIKHBI Ha
TOU xKe BOJIHE.
Ho, nomyctum, 4T0 MBI OOHApY>KHUJIM KAaKOW-TO CTpaHHBIM curHaiI. Kak
pacrno3HaTh UCKYCCTBEHHYIO NpHpoAy AaHHOro curHana? Ckopee Bcero
OH JIOJKEH OBbITh MOAYJIHPOBAH, TO €CTh €0 MOIIHOCTh CO BPEMEHEM
JOJKHA PETYJSIPHO MEHAThbCA. Ha mepBeIX ToOpax OH JOJKEH, IO
BUJUMOMY, OBITh AOCTAaTOYHO MpocThiM. [locie Toro kak curHan Oyaer

NPUHAT (€CITU, KOHEYHO, 3TO CIYYHUTHCS), MEKIY LUBUIM3AIMAMU OyneT
YCTaHOBJIEHA JBYXCTOPOHHSS PauOCBs3b, U TOTJAa MOXHO HA4YMHATh
obmeH Oonee ciaoxHON MHPopmanueil. Koneuno, He crneayer mnpu 3ToM
3a0bIBaTh, YTO OTBETHI MOTYT MPHU ITOM OBITH MOJYUYEHBI HE paHEe, YeEM
yepe3 HECKOJbKO JECATKOB WIM Jaxe coTeH Jer. OpHako
UCKITIOYUTENIbHASL BaXKHOCTDh U IEHHOCTh TaKUX MEPEroBOPOB OE€3yCIOBHO
JOJDKHA KOMIIEHCHPOBAaTh HUX MEMJICHHOCTh. PannonaGmioneHus 3a
HECKOJIbKUMH ONMKalIIuMu 3BE31aMU YK€ HECKOJIBKO Pa3 MPOBOIMIHCH
B paMKax KpynHoro npoekrta “O3MA” B 1960 romy u mpu momouiu
Teneckorna HanmonansHOM pagunoacTpoHoMuueckoi madopatopun CIIIA
B 1971 rony.

Hecmotrpst Ha  oOuyeBHAHBIE MPEUMYIIECTBA  KOCMHUYECKOM
pPasMoCBsA3H, MBIl HE JIOJKHBI YIIyCKaTh U3 BUAY U JIPYTHME THUIBI CBS3H,
TaK KaK 3apaHee Hesb3s CKa3aTh C KAKUMU CUTHAJIAMU Mbl MOYKEM HUMETh
neno. Bo mepBbIX 3TO ONTHYECKas CBSA3b, TNIABHBIA HEJOCTATOK KOTOPOU -
OuYeHb CJIa0bli ypOBEHb CHUTHAJNa, BelIb HECMOTpPA Ha TO, YTO Yroil
Pacxo’KJIeHUs1 CBETOBOIO Iy4Ka yaaiock fqosectu 1o 10 -8 pan., mmpuna
€ro Ha pAcCCTOSIHUM HECKOJIbKMX CBETOBBIX JIET OyAeT OrpOMHOM.
Taxxke CBSI3b MOYKET OCYIIECTBISATHCS B IOMOIIBIO ABTOMAaTHYECKHX
30H110B. [lo BIONHE MOHATHBIM NMPUYMHAM 3TOT BHUJ CBSI3M 3€MJITHAM
[IOKa HEJOCTYNEH, W HE CTaHeT JOCTYNHBIM JaXe C HadajJoM
WCIIOJIB30BAaHUs YIIPABISIEMBIX TepMOsiAEpHbIX peakuuid. [Ipm 3amycke
TaKOT'0 30H]Ia MBI ObI CTOJIKHYJIUCH C OTPOMHBIM KOJMYECTBOM IPOOIIEM,
€CJIM JJa)Ke CYMTATh BPEMs €ro NoJi€ra K 1enu npuemieMsiM. K Tomy xe
Ha paccTosHUU MeHee 100 CBETOBBIX JIET OT COJIHEYHOW CHUCTEMBI YXKe
nmeercs 6osee 50000 3BE3n. Ha xakyro u3 HUX mockuiath 30HA? Takum
00pa3omM, YCTaHOBJIEHHE TPSIMOT0 KOHTAKTa C BHE3EMHOH IIMBHIIN3AIMCH
C HaIIed CTOPOHBI MOKa HEBO3MOXHO. Ho MokeT OBITb HaM CTOHUT
TONBKO momoxnarh? W oHm camm ganyTr o cebe 3HaTh, BeEIb
3a)UKCUPOBAHO K€ MHOXXECTBO KOHTakToB Joneid ¢ HJIO na 3emie.
PaznuunbIx ciyyaeB “HaOMIOIeHHUS MHOIJIAHETSH U MX aKTUBHOCTH YXKe
3aMEYEHO TAaK MHOIO, YTO HH B KOEM Clly4ae HeNb3sl OJHO3HAYHO
OIIpOBEpraTh BCE 3TU JaHHblEe. MOXHO TOJBKO CKa3aTb YTO MHOTHME U3
HUX, Kak OKa3blBAJIOCh CO BPEMEHEM, SBISJIUCh BBIIYMKOW WU
cneacreueM ommOku. Ho 310 yke Tema apyrux uccienoBanuil. Ecnm
r7Ie-T0 B KocMoce Oyner oOHapykeHa Kakas-To ¢Gopma >KU3HU WIH
UBWIN3ALMUSA, TO MBI COBEPIIECHHO, JakKe MPUOTU3UTENBHO, HE MOXEM
ceOe MpeAcTaBUTh, Kak OYIyT BBITVIANETh €€ MPEICTaBUTENN U KaK OHU



OTpEarupyroT Ha KOHTAKT c HaMH.
A BOpyr sta peakuus OyneTr, ¢ Halleld TOYKH 3PEHHsI, OTPUIIATECIHHOM.
Torga xopouIo eciau ypoBeHb Pa3BUTHSI BHE3EMHBIX CYIIECTB HIXKE, YEM
Haml. Ho OH MOXeT oka3aTbCsi M HEW3MEPUMO BbIlIe. Takol KOHTAKT,
P HOPMAJIBHOM K HaM OTHOLIEHUHU CO CTOPOHBI APYTrOW IIUBUIIU3ALINH,
MpeAcTaBsieT HauOonbmuidi  wHTepec. Ho 00 ypoBHE pa3BHUTHS
WHOIUIAHETSIH MOKHO TOJBKO JIOTAJBIBATHCS, & 00 MX CTPOCHUU HEIb3S
CKa3aTb BoOOIIe HUYero. MHorue yudéHble MpPUICPKUBAIOTCS MHEHMS,
YTO IMBUJIM3ALMS HE MOXKET pPa3BUBAThCSA JAJbIIE OMPENEIEHHOTO
mpejena, a MoToM oHa JuO0 morubaet, 1Mo OoJbllle HE pa3BUBACTCS.
Hanpumep, Hemerkuii actpoHoM GpoH XopHep Ha3Ball MECTh MPUYUH, 110
€ro MHEHMIO CIIOCOOHBIX OrPAaHUYUTh JJIUTEIBHOCTH CYIIECTBOBAHMUS

TEXHUYCCKHN paSBI/ITOI\/'I IIUBUJIN3allUN:
1) TomHOE  YHHUYTOXKEHHME  BCAKOM  JKM3HM  Ha  TUIAHETE,
2)  YHUYTOXEHHE  TOJBKO  BBICOKOOPTaHM30BAaHHBIX  CYILECTB;

3) ¢Qusumyeckoe WIM JAYXOBHOE BBIPOXKICHHE U  BBHIMUPAHUE;
4) noTepst UHTEpeca K HayKe u TEXHUKE;
5) HemoCTaTOK »SHEPrUM [UIsl Pa3BUTHS OYEHb BBICOKOPA3BUTOU
[IUBUJIN3AIUY;

6) BpeMsl )KU3HU HEOTPAaHUYEHHO BEJHKO;

3.MeToabl 00HAPYKEHHSI BHE3EMHOM KU3HH

Cy1iecTByeT MHOXKECTBO METOAOB OOHApY)KEHHS BHE3EMHOMN
JKU3HU. Y CIIOBHO WX MOXHO Pa3JAeIUTh HA TPH TPYIIIIBL:

1. JlucTaHIIMOHHBIE METOABl  HAOJIOJECHUS  OMPEACIISIIOT
o011y10 00CTaHOBKY Ha IUIAHETE C TOYKU 3PEHMS HAIWYHS NPU3HAKOB
KU3HU. JIMCTaHIIMOHHBIE METOJIbI CBSI3aHbI C UCHOJB30BAHUEM TEXHHUKHU
U MpUOOPOB, PACIOJOKEHHBIX KaK Ha 3emiie, TaK U Ha KOCMHYECKUX
KOpaOJIsiX U UCKYCCTBEHHBIX CITyTHHKAX IJIAHETHI.

2. AHanUTHYECKHEe  METOABl  MpPHU3BaHBI  IPOU3BECTHU
HEIMOCPEICTBCHHBIM (DU3NKO-XMMUYECKUA aHaju3 CBOWCTB TPyHTa M
aTMoc(epsl Ha TUIaHETE MPH MOCATKEe aBTOMATHYECKUX OHMOIIOTHYECKUX
nabopatopuii (ABJI). IlpuMeHeHnE aHATUTUYECKUX METOJOB JOJDKHO
JaTh  OTBET HA  BOMPOC O TIPHUHIMUIHAAIHGHOW  BO3MOXXHOCTH
CYILIECTBOBAHHE KU3HU.

3. OyHKIMOHATBHBIE ~ METONbI  MpEAHA3HAYAOTCS IS
HENOCPEJICTBEHHOTO OOHApYXEHHs] U H3Y4YEHHS OCHOBHBIX INPU3HAKOB
KHUBOTO B HccieqyeMoMm oOpasme. C MX TMOMOLIbIO TMPEArnoiaraeTcs
OTBETUTH Ha BOMPOC O HATMYUH POCTA U Pa3MHOXKEHHS, METa00IM3Ma,

B nmocneanue rofpl, B CBSI3U € yclieXaMu aCTPOHOMHUU, OUOJIOTHH,
(U3HUKN ¥ TEXHUKU BO3HUKJIA CAMOCTOSITEIbHAS HAay4YHasl IUCUUIIIMHA —
acTpobuoorust (3K300H0TIOTHS).

4.AcTpoOuoJiorus

AcTpo6uos0orus (IK30610J10THsA) — HayKa, peIMETOM
KOTOpOHl  sIBisSIeTCS  W3Y4YEHHE  TMPOUCXOXKICHHS, OSBOJIONUH U
pacrpocTpaHeHHs )KU3HU BO BceneHHOH. AcTpoOHOIOrHs onupaercs: Ha
Hay4yHbl€ JOCTHMXEHHS B 00jmacT (U3MKU, XUMHUHU, ACTPOHOMHH,
OMOJIOTUH, HKOJIOTHH, IUIAHETOJIOTUH, Teorpaguu ¥ TEOJOTUH IS
UCCIIEIOBAaHUSI BO3MOXKHOCTH CYIIECTBOBAaHUSl KH3HU Ha JAPYTUX
IUTaHeTaX. B  peleHnu HEeKOTOpBIX 3a/Jad  acTpOOMOJIOTHS TECHO
COMPUKACAETCS ¢ KOCMHYECKOW OMOJIOTHEH U KOCMUYECKONH MEIUITMHOM,
BOZHUKIIMMU B CBSI3M C AKTUBHBIM TPOHMKHOBEHHEM YEIOBEKa B
KOCMHUYECKOE MPOCTPAHCTBO. ACTPOOMOJIOTHS OCYIIECTBISIET TIOUCK
MPUTOTHOM ISl )KU3HU cpeibl o0uTaHus kak B COJHEYHOH cUCTeMe, TaKk
U 3a e€ mpenenaMu, MOMCK J0Ka3aTeNbCTB Mpell OMOTUYECKOW XUMUH,
nabopaTopHble M MPAKTHYECKUE MCCIEOBAHUS MPOHCXOXKACHUS U
paHHEero pa3BUTUS JKM3HM Ha 3emje, a TakkKe HCCIeI0BaHus
MOTEHIMAIBHBIX BO3MOYKHOCTEH JKM3HM B YaCTH TPHCIIOCOOJIEHHUS K
CJIOKHBIM YCJIOBHSIM Ha 3eMJie U B KOCMOCE.

Tepmun acmpobuonozuss 00pa3oBaH OT JPEBHETPEUECKUX CJIOB
acTpoH (mp.-rped. (oTpov) — «3Be3ma», Omoc (xap.-rped. Piog) —
(OKU3HBY» W JIoTus (Ip.-Tped). -Aoyio) — «ydeHue». EcTh paznmuuHble
CMHOHHMBI TEPMHUHA «acCTPOOUONIOTHS», OJJHAKO BCE OHHM BKJIIOYAIOT JIBE
OCHOBHBIC HAyKH: acTpOHOMHI0O U Ouosoruio. TepMHH-CHHOHHM
«3K300HOJIOTHS MPOU3OMIEN OT Tpedeckoro 3k30 (ap.-rped. EEm) —
«BHE, CHapyu», 0uoc (ap.-rped. Biog) — «KU3Hb» U JOTrus (Ip.-Tped. -
hoyia) —  «yueHue». [lpyroii TepMHH, HCIIOJH30BAaBIIUICSI B
MPOIIJIOM — KCEHOOMOJIOTHS, TO €CTh «OMOJOTHs HWHO3EMIEB». IJTO
cioBo ObwTO TpHayMaHo B 1954 rony mucarenem-danractom PobGepTom
XaliH7allHOM B €r0 poMaHe «3BE3IHBINA 3BEPHY.

Nutepec HACA k acTpoOuosoruu Hadajics ¢ pa3pabOTKu
Kocmuueckoir mporpammel. B 1959 rony HACA npodunancupoBaio
CBOM TEpBBIM MPOEKT MO 3K300moyiormu, a B 1960 rTomy coznmaino
[Iporpammy wu3yueHust ok3o00uonmormu. B 1971 romy HACA
npodpuHancupoBanio mpoekT (SETI) mo moucky paaumocurHaaioB



BHE3eMHbIX nuBuiIn3auuid. [Iporpamma « Bukunry, Hauarast 8 1976 rony,
BKJIOYaa TPU OHOJIOTUYECKUX SKCIEPUMEHTa, pPa3pabOTaHHBIX IJIs
MOMCKA BO3MOXKHBIX MPU3HAKOB CYIIECTBOBaHUS ®KU3HU HAa Mapce

B 21-oM Beke acTpoOHOJIOTHS CTAHOBHUTCS IIEHTPOM PACTYIIETO
yucina uccinenoBatenbckux wmuccui  HACA  u EBpomeiickoro
KocMu4eckoro areHTcTBa B ConHeyHoil cucteMe. [lepBriil eBponeiickuit
cemMuHap mo actpobmoinoruu coctosuics B mae 2001 roma B Uranuwm,
pe3ysibTaToM Kotoporo crana [Iporpamma ABpopa. B HacTosiee BpemMs
HACA «ypupyer HWucturyr actpoouonornun HACA (awen.). Bcee
OoJbIIee YHCIO YHUBEPCUTETOB BO BCEM MHPE BBOIST MPOTrpamMMbl
oOyuenuss mo teme actpoomonorun. B Coemunennwix Illtarax sTo
ApU30HCKUN YHUBEPCUTET, YHUBEpCUTET [leHCHMIbBaHWU, YHHUBEPCUTET
mrata MoHTaHa u BammHrroHckuii yHuBepcuteT; B BenukoOpuranuu
yauBepcuteT Kapaudda (cozman Llentp acrpobuonorun), B ABcTpanuu
VYuusepcurer HoBoro IOxuoro VYambca. B Poccuu IloctanoBnennem
IIpesnauyma Poccuiickoil akanemun Hayk ot 23.11.2010 opranuzoBan
Hayunsiit coBer PAH o acrpo6uosoruu.

5.0npeneneHue «GKA3Hb» WU 3apOXKICHUS W Pa3BUTHS >KU3HU BO
Bcenennon.

JIist u3y4eHus KU3HU HYKHO MPEXkKIE BCErO ONMPEACIIUTh MOHATHE
“¥KMBOE BEMIECTBO . ITOT BOIPOC SBISAETCS MAIEKO HE MPOCTHIM.
MHorue yueHble, HaOpUMep, ONPEACNSIOT >KHUBOE BEHIECTBO Kak
CIIOKHBIE OCJIKOBBIC TeJia, OO0JIAIAlOIINE YIOPSIOUYEHHBIM OOMEHOM
BelecTB. Takoil TOUKHU 3peHHs PUACPKUBAJICS, B YACTHOCTH, aKaJeMUK
A.N.OmapuH, MHOTO 3aHUMAaBIIUKCA MPOOJIEMON TPOMCXOXKICHHS
xu3Hu Ha 3emsie. KoHeuHo, oOMeH BelIeCTB €CTh CYyIIECTBEHHEHIINi
aTpulyT XKU3HHU, OJTHAKO BOMPOC O TOM, MOXKHO JIM CBOAMTH CYLIHOCTb
JKU3HU TIPEXkJE BCEro K 0OMEHY BEIEeCTB, SIBISETCS CIIOPHBIM. Benb u B
MHUpE HEXHBOTO, HalpuMep Y HEKOTOPBbIX pacTBOPOB, HaOIIOAaeTcs
oOMeH BelecTB B ero mpocreimmx ¢opmax. Bormpoc 00 onpeneneHnu
MOHATUSA ‘“KW3HB~ CTOUT OYEHb OCTPO, KOTJa MBI 00CYyXIaem
BO3MO>KHOCTH >KM3HU Ha APYTHUX MJIAHETHBIX CUCTEMAX.

B Hacrosiee Bpemsi KU3HB OIpeeNsieTcs] He Yyepe3 BHYTpEeHHee
CTpPOCHHE W BEIECTBA, KOTOpbIe €€ mpucymu, a 4depe3 e€ (QpyHKIum:
“ympaisioniasi cucteMa’, BKJIIOYAIoONias B ceOsl MEXaHW3M Iepenadu
HACJICACTBEHHOW  WHQOpMAIK, OO0eCHeunBaIIell  COXPaHHOCTh
NOCIEAYIOIUM TOKOJeHUAM. TeM cambIM Ornaroaapsi HEU30€KHBIM

nmoMexaMm IpU T[epeaade Takod HHPOpPMAIUK HAIl MOJEKYISIPHBIHA
KOMIUIEKC (OpraHm3M) CHOCOOEH K MyTalusM, a CJeAOBaTebHO K
SBOJIIOLIUH.

JKu3Hp BO3HMKJIA Ha  ONPEAENIEHHOM JTale  3BOJIOLUHU
Bcenennoii. OHa He Moryia BO3HHMKHYTh HU paHbllle U HM no3xe. He
BO3HUKHYTh BOOOIIIE OHA TaK)Ke HE MOra. ODBoOJoNus BceneHHOM
ompeAessuiach, B YaCTHOCTH, XHMHUYECKOW 3BOJIIOLUEH, TO €CTh
npeodpa3oBaHUEM XUMUYECKHUX 3JIEMEHTOB. [Tpuuem 3TO
npeoOpa3oBaHue ObLJIO HE CIydyailHBIM, a BECbMa ONpEICICHHBIM,
MIPOTPECCUBHBIM.

[IporpeccuBHOCTh 3Ta COCTOMT B TOM, YTO B PE3YJIbTATe€ 3BOJIIOLHH
00pa30BBIBATIMCH BCE 00JIee CIIOKHBIE HJIEMEHTHI: BHAUaje ObUIM TOJIBKO
3JIEeMEHTapHbIE YaCTULIBI (IIPOTOHBI, HEUTPOHBI, JEKTPOHBI U JIP.), 3aTEM
Havainu oOpa3oBBIBATHCA Spa XUMHUYECKUX 3JIEMEHTOB (TPEXJIE BCETO
JIETKUX; TaK, MPOTOH — 3TO yXe IOTOBOE AP0 BOJIOPOJA); 3aTeM sJipa
OOBEIUHSIIUCH CO CBOOOJHBIMU DJIEKTPOHAMH U 0Opa30BBIBAIN
HEHTpaJgbHbIe aTOMBL. Y TOJIBKO MOCIIE 3TOTO B ONPEAEIEHHBIX YCIOBUSIX
aTOMbl OOBEIMHMWINCH B MOJIEKYJIBI. MBI YK€ TOBOPWIIM, YTO BHAYajIe Ha
onpezaeneHHoM 3tane mnocie bonbmoro B3peiBa o0pa3oBaivch TOJIBKO
JIeTKHE XMMUYECKHE 3JIeMEHTHl. TOJNIbKO MOTOM IO MCTEYCHHWH BechMa
MPOJOJKUTENFHOTO TIEPUOAa MEXK3BE3[HAs Cpe/la cTaja «3acopsThCS»
TSOKETBIMU XUMHUYECKUMH 3JieMeHTaMu. OHM 00pa3oBaliuCh KaK IIIaKH
MIPU TEPMOSIZICPHOM BBITOPAHUHU JIETKUX XUMHUYECKUX 3JIEMEHTOB BHYTPH
3Be3a. [Ipu B3pbiBax CBEPXHOBBIX 3TH IUIAKH (TSKENble XMMHYECKHE
AJIEMEHTBI) 3BE3/IbI CTaIM cOpachiBaTh C ce0si KaK HEHYXHYIO mIyOy.
3Be3/1bl BTOPOTO TOKOJICHUS, KOTOpble 00pa3oBaUCh (M MPOAOIDKAIOT
POXKIAThCs) M3 MEK3BE3THOM CpEeIbl, YXKE 3aCOPEHHOM TSXKEIbIMU
JJIEMEHTaMH,  UMEIOT  JPYrod  XHUMHYEeCKHid  cocTtaB,  Oojee
pazHooOpa3Hbiid. [lmaneTsl 3THX 3Be3a 00pa3oBaMCh MPAKTUYECKUA B
eIMHOM TIpoliecce 00pa3oBaHMs CBOMX 3BE3Jl, M UX XUMHUECKUI COCTaB
TaK)Xe OINpEeNseTCS COCTaBOM MEX3BE3IHOM cpeibl, U3 KOTOPOM OHU
00pa3oBaAIIUCH.

Xumuueckas 9BOJIONUS MJIa HC TOJIBKO MO MYTHU YCIOXHCHUSA CHUCTCM
(OT »SnIeMEHTapHBIX 4YacTUIl K MOJIEKyJaM), 4YTO camMo TIo cebe
MIPOTPECCUBHO, TaK Kak OoJyiee CIOXHBIE 0Opa30BaHUs MPEIOCTABISIOT
OoJpIIMe BO3MOXKHOCTH TIpH  JajJbHEWIIEM TOCTpoeHun Mupa.



[IporpeccuBHOCT XMMHMUYECKOH HBOJIIOLIMM COCTOSUIa U B TOM, YTO Ha
KaKIOM HOBOM 3Tame 0Opa3oBBIBAIMCH CHCTEMbI, BHYTPU KOTOPBIX
COCTABJISIIOLME MX 4YaCTULBl YACPKUBAIUCh BMECTE€ BCE€ MEHBIIMMH
cunamu. Tak, »JleMeHTapHble 4YacTHIbl (MPOTOHBI U HEWUTPOHBI)
YACPKUBAIOTCS BHYTPH fJipa CAMbIMH CUJIBHBIMH U3 BCEX HM3BECTHBIX
HaM CWJI — sifiepHbIMH cuiamu. [loaToMy mpu paciueruieHud sjapa U
IIPOUCXOJUT BBIJIETIEHUE OIPOMHOIO KOJIMYECTBA BHYTPEHHEH IHEPIUU
(TepMosimepHOii). BBI3BaTh TEPMOSIEPHYIO PEAKIIUI0O OYEHBb HEMPOCTO,
HEoOXOoMMa OTPOMHAsl SHEPrus, YTOOBI SIPO pacmenuTh. pyrumu
CJIOBaMH, siipa — OYEHb YCTOMYMBBIE CHUCTEMBI (€CliM HE CUUTATh sA1pa
HEKOTOPBIX TSDKENIBIX 3JEMEHTOB — HO 3TO 0coOblii Bompoc). M3-3a
BBICOKOM  YCTOMYMBOCTH, CTaOWJIBHOCTU  siIEp OHU  SBIAIOTCA
HEU3MEHHBIMU, KOHCEpPBAaTUBHBIMH, TPYJIHO MOAIAIOIIUMUCS
n3MeHEeHUs M. [lo3ToMy OHM — IUIOXOM CTPOUTEIBHBIA MaTepuan s
nanpHeWmero TBopeHuss Mupa. CoBceM Jpyroe Jelo  aTOMBI,
oOpazoBaHHble U3 ATHX sAep. OHM LIEMEHTUPYIOTCA KaK eIUHbIe
CUCTEMBI, MMEIOIIME CBOM OIpPEACIEHHBIE CBOMCTBAa, CBOE JIMLO,
3HAYUTENIbHO MEHBIIINMHU, HEXENH sifiepHble, cuiamu. Pazopsare aTom Ha
AIIEKTPOH U SIIPO 3HAUYUTENIBHO JIET4Ye, YeM pa3opBaTh (PacIIeuTh) SIpo.
[ToaTomy atombl Gonee MoOOMIBHBIL. OHU 6€3 OONBIIOrO TPyJIa MOTYT
MpPEBPAIAThCS B TOJOKUTEIBHO 3apsKEHHbIE MOHBI M OTPULATEIBHO
3apsOKeHHbIE DJIEKTPOHbI. BoO3MOXEH Takke ™poLecc COeAHMHEHUS
HEUTpalbHOTO aroMa M CBOOOAHOrO »dJekTpoHa. Ero HasbBaioT
npununanuem. [Ipu s3Tom oOpasyercss OTpULIATENbHO 3apsyKEHHBIA HOH.
Taxkum 06pazom, pu nepexoie OT siep K aToMaM MPOUCXOTUT, C OAHOM
CTOPOHBI, YCIIO)KHEHHE CHCTEMbI (aTOMbl OoJiee CIIOXKHBI, 4YeM sipa,
BXOJSIIIE B UX COCTaB), a C IPYrOM — HOBBIE CUCTEMBI YIEPKUBAIOTCS
KaK €JMHOE 1IeJI0C 3HAYUTEIbHO MEHBIIMMH CHIaMH. JlanpbHEHIUH dTan
IBOJIIOIMM — 3TO IpeoOpa3oBaHUE aTOMOB B MOJEKYJBl. 3/1€Ch HAIULO
KaK YCJIOXXHEHHE CHCTeMbl (CTPOUTENbHBIX KUpIHuei), Tak H
YMEHBIIIGHHE  CHUJ, HEOOXOMUMBIX  JUIS  yJepKaHus  YacTHIl,
COCTABJISIFOLITUX MOJIEKYJIbI (To eCTh aTOMOB), BMECTE.

Takum oOpa3om, XUMHUECKas IBOJIIOIUS BO BceenenHol mponcxoauia ¢
COOJIIOJICHHEM, €CIM MOXKHO TaK CKa3aTh, TpeX MPHHUUIOB: 1)
CJIO)KHOCTb CTPYKTYP HMOCTEIIEHHO yBEJIMYMBAJIACh, 2) HEPrusi, KOTOpas
oOecrieunBaia LEJIOCTHOCTh 3THUX CTPYKTYp (CHCTEM), TOCTENEHHO
yMEHbIIANAch U 3) YMCI0 KOMOMHALMI U3 3TUX CTPYKTYp WIH, JPYTUMHU

CJIOBaMHu, YHUCJIO THUIIOB TaKXKC IIOCTCIICHHO YBCIINYIUBAJIOCH.

HpO,Z[O.H)KaH LCIb 3JICMCHTAPHBIC YaCTUILIBI — AApa — aTOMbI — MOJICKYJIbI,
MBI JTOJIKHBI BKIJIIOUUTH B HEe OUEpPEAHOE 3BE€HO — OTPOMHBIE MOJIEKYJIBI
(MakpoMoOJIeKyJIbl) ®KUBOTO BeliecTBa. Ha 3T0 3BeHO pacmpocTpaHstoTcst
T€ JK€ TJaBHblE NPHUHIMIBI, YTO W HAa BCIO MPEIIIECTBYIOLIYIO
XUMHYECKYIO IBOJIIOIHIO: CHCTeMa (CTPYKTypa) YCIOKHHUIACH, TPUYEM
3HAYUTENIbHO; SHEPrusl CBSA3M, YIEp)KUBAIOIasi OOBIYHBIE MOJIEKYJIBI,
WJIM, KaK UX Ha3bIBAIOT, MOJEKYJIBI-MOHOMEDPHI, B €IMHON CTPYKTypE —
MaKpOMOJIEKYJIe, YMEHbBIINIACh, TOCKOJIbKY HOBBIE CBSI3M SIBISIOTCS HE
BaJICHTHBIMH, a BO3MOXHOCTH 06pa30BaHHBIX MaKpOMOJICKYJ CTaJIAd
Heu3MepuMo Oosble. ITH BO3MOXKHOCTH CTaNIH OOJIBIIUMHU TOTOMY, UYTO
MaKpOMOJIEKYJIBl MOTYT OYE€Hb JIETKO MEpPecTpauBaThCsl, TaK KaK OHH
LEMEHTUPYIOTCS HE OYeHb OOJBIIMMU cuiiaMu. B TO jxe BpeMs 3TUX cui
JIOCTaTO4HO, YTOOBI MaKpOMOJIEKYJIBI HE pa3BaiuBaIuCh
CaMOTPOU3BOJIBHO. VIMEHHO 93TOH MOOMIJIBHOCTBIO MAaKPOMOJICKYIT
OIPCACIIAOTCA BCC Ba)KHEHIITHE MponecChbl KUBHCACATCIIBHOCTU U
Pa3MHOXKEHHUS KJIETOK.

JI1060MBITHO, YTO K XMMHUYECKOH »SBONIONMH MPUMEHSETCI Ta XKe
TCPMHUHOJIOTHA, qTo n K 3BOJIFOIIN N ZKHUBOI'O BCIICCTBA. Ee
paccMaTpuBaloT Kak MpoIece, «KOTOPbI OCYIIECTBISIETCS B Pe3yJibTaTe
€CTeCTBEHHOT0o 0TOOpa Hambosiee YCTOHUMBBIX K JalbHEHIIeMy
00BEIMHEHUIO YaCTHUI] B U3MEHSIOIINXCS BHEITHUX yclIoBusAx». [loaTomy
XUMHYCCKAad JSBOJIONHA ABJIACTCA IMPOLCCCOM IMPOrpCCCUBHBIM. Bech
MIPOLIECC IBOIOIUH, 00pa30BaHuUs Bce 00Jiee CIOKHBIX CTPYKTYp CO BCE
GOHBLHI/IMI/I BO3MOXHOCTAMHU IMPOUCXOAUT HEC BCEraa MOHOTOHHO. Ananuz
MOKa3bIBaeT, YTO IMOCTENEHHOE YCJIOXHEHHE BellecTBa Bo BceneHHoit
ONpoucxoauT B MCHJICHHO MCHAIOMIUXCA MOpoHecCax, Torga Kak
«pukcanus» BHOBb OOpa30BaBIIErocs BEUIECTBA, KOTOPOE TOJIKHO
CIy’)KUTh ~ CTpoHMMarepuajioM  Oyayllero  pa3BUTHUS,  SBOJIOLUH,
MPOUCXOJUT TOJBKO MHPU OCOOBIX YCIIOBHUSX, KOTOPbIE HANMOMHHAIOT
3aKaJIuBaHUC, TO C€CTb TOJIBKO TOrJa, KOrJa BHCIIHUC YCJIIOBUA
U3MEHSIIOTCS OBICTPO, pe3ko. CHenuanucThl 3TOT 3Tall BOJIIOLMU TaK U
Ha3bIBAIOT — «3aKAJIKOW» COCTaBa. DTO MOXKHO MPE/ICTaBUTh ceOe B BUJIE
HEMPEPHIBHOM TMOTOYHOM TEXHOJOTMYECKOM JIMHUHU, Ha KOTOpPOU
MPOUCXOIUT HENpephIBHOE NpeoOpa3oBaHUE BEIIECTBA OT CaMOM
MPOCTON CTPYKTYpPHI 10 caMoil ciokHOi. Ho B ompeneneHHbIX MecTax



3TOM JIMHUM TIOCTaBJIEHBl YCTPOWCTBA 3aKaJIMBAHUSA, PE3KO MEHSIOLINE
BHEIITHHE YCIIOBHS. 1O BemecTBo, KOTOPOE 0Ka3ajloCh B TAHHOM MECTE,
Oyzaer 3auKCcHpOBaHO, TO €CTh Jajiee He OyAeT mpeBpamarbcs B Ooiee
CIIOXKHYIO CTPYKTYPY, a OCTaHeTCs CaMUM COOO1.

Tak MBI MOJONLIM K OYEHb BaXHOMY BBIBOAY, PE3YyJIbTaTy, MOXKET ObITH
caMOMy TJaBHOMY HE TOJBKO B TMpoOJieMe IOMCKa M HBOJIIOIUHU
BHE3EMHBIX IIMBWIM3AlMi, a W B NpobiieMe TOHUMAHUS BCEro
Mupo3aaHus. OH COCTOMT B TOM, YTO OMOJOrMYecKas 3BOJIOIHS — 3TO
TOJIBKO OIpEIeNIEHHOE, HO HEe0OXOoAMMOe, 00s3aTeIbHOE 3BEHO OOIIeH
MPOTPECCUBHON  HBONIONMU BO BceneHHoil. DTO  3HAYMUT, UTO
IIPOrPECCUBHAsS HBOJIIOLMS HAa 3eMiie — ATO TOJIbKO MECYMHKA B OOIIei
IIPOTPECCUBHOM DBOJIOLMHM BO BcelleHHOM, KOTOpas Hadanach HE C
MOSIBJICHUEM >KM3HH, a 3HAUYMTENIBHO paHbIE, C MOMEHTa bonblioro
BspeiBa. Jlaxke korma Ouosiornyeckas OBOJIOLUS — MPEKpaTHTCH,
MPOTpPEeCCUBHAsA HBOJIONMA B MacmrTabax Bcedd Bcenmennoit Oyzaer
IPOJOJKATHCS, MOAUMHAACH €IUHOMY, HECOMHEHHO CYIIECTBYIOLIEMY
3aKkoHy. [l03TOMy MOXHO HE COMHEBATBHCS B TOM, YTO 3JIEMEHTAPHBIE
YaCTHUIIbl, U3 KOTOPBIX COCTOST Spa, a TAKKe MOJIEKYJIbl HECYyT Ha cebe
nevaTh BCEro Mpe/IIecTBYIONIEro pa3Butust Beenennoii, nudopmanmio o
TOM, KaK OHM OOpa30BAIMCh U «3aKaTWIUCHy. boiee Toro, maxe Mbl ¢
BaMU HeceM B ce0e BOCIOMHHAHUS, UCTOPUIO HE TOJBKO 3BOJIIOILMH
OMOJIOTUYECKOM, HO M BCEH MPOrPECCHBHOM SBOJIIOLMU BEIIECTBA B
pacmupsitomeiicss Beenennoit or momenta bonbemioro BispeiBa! B 310
TPYZHO BEPUTCSI, HO 3TO TaK.

MoseT U mpu 3TOM UATH peub 00 YHUKAJIbHOCTH JKHU3HHM Ha
3emie, 00  OCOOBIX  MAJOBEPOSITHBIX  OOCTOSITENBCTBAX €€
BO3HUKHOBeHMsI? Koneuno, Her. OO 3TOM TOBOPSIT HE TOJBKO
3aKOHOMEPHOCTH MPOrPECCUBHON 3BOJIIOIMU BO BCeneHHOM, ONMCaHHbIE
BBIIIIC, HO W OOHapyXeHHe B KocMoce (B MEX3BE3IHBIX OO0JaKax,
METEOPUTAX) CJIOXKHBIX OPraHMYECKHMX MOJEKYJI. OTH OpraHU4YecKHe
MOJIEKYJIBI HEeCyT B cebe mHpopmaiuioo 00 3BOJIOIUU MEXK3BE3IHBIX
00J1akOB HMJIM 000JIOYEK XOJIOMHBIX 3Be3/, TJe OHU OOpa30BAIUCH B
pe3yibTaTe MPOTPECCUBHOM XUMHYECKON ABOJIIOIUH.

Ponp 3THX CIIOKHBIX OPraHM4Y€CKUX MOJICKYJ MOXHO IMOHATH UCXOOA U3
CXCMbl BO3HUKHOBCHHA, 06pa303aHI/1;1 xu3Hu. Ha IEpBOM  3TAIlIC
OBOJJIIOIMHA KU3HU JOJIKHBI ITPUCYTCTBOBATh HAYaJIbHBIC, HCXOJHBIC, UJIH,

KaK TOBOPST CHELMAIUCTBI, CTapTOBBIE, coennHeHus. JOro CH4, H20,
NH3, CO u gp. 3atrem u3 HHUX O0Opa3ylOTCs OMOJOTHYECKHE IMPOCTHIC
MOJIEKYJIbI (MOHOMEpPHI). DTO aMUHOKHUCIIOTHI, a30TUCTHIE OCHOBAHUS U
ap. 3areM W3 MOHOMEPOB OOpa3yIOTCS CIIOKHBIE OHOJIOTHYECKUE
MOJIEKYJBl — moiauMephl. 10 HykiaenHoBble kucnoThl (JJHK u PHK) u
6enku. HykienHoBBIE KHCIOTHI COCTOSIT U3 HYKJIEOTHIOB, & OHHU, B CBOIO
ouepenb, cOCcTOAT U3 QocdaTa, a30THCTHIX OCHOBAHUN U caxapa. benku
cocTosT M3 28 BELIeCTB, a MMEHHO: ABAJALIATH AMUHOKHUCIOT, IISITH
OCHOBaHUH, JIBYX YTJIEBOJIOB u OJTHOTO docpara.

Kakue 3BeHbst M3 3TOM cxembl OOHapyKeHbI B KocMmoce? Bnepsbie
OMOJIOTUYECKHE MOJIEKYJIbl KOCMHUYECKOTO HPOMCXOXKAEHUS ObUIM
oOHapy>keHbl B MepYHCOHCKOM MeTeopuTe, KOTOpblid ynai B 1969 roxy
B ABcTpasuu. OTO ObUTM OEIKOBBIE AMHHOKHCIIOTHI (BCErO IIECTh).
OZHOBPEMEHHO B TOM K€ METEOPUTE COAEpXKAIUCh U Jpyrue 12
aMMHOKHCIIOT, KOTOPbIE HE BCTPEYAIOTCA B Oenkax. DTO 10Ka3bIBAET, UTO
BCE AMUHOKHCIIOTHI, OOHApY>KEHHBIE B METEOPUTE, UMEIOT KOCMUYECKOE
npoucxoxzaeHne. CoOCTBEHHO, BO3MOJKHOCTh HX  KOCMHYECKOTO
IIPOUCXOXKACHHUS JIOKa3bIBaeTCs Jaxe 1a00paTOPHBIMH
skcnepuMeHTaMu. Koraa Ha cMmech, COCTOALIYIO U3 aMMHaka, MeTaHa U
NapoB BOJBI, BO3JEHCTBOBAINM  yIbTPa(HUONETOBHIM  HU3Iy4YECHHUEM,
MOTOKOM SHEPrUYHBIX AJIEKTPOHOB WJIM K€ CHUIBHO YBEJINYMBAIU €€
TeMmmeparypy, TO B Hell 0Opa3OBBIBAJIMCH AMHUHOKHUCIOTHI U
YIIE€BOAOPOABI M OAHO M3 a30TUCTBIX OCHOBAaHWH HYKJIEMHOBBIX KHCIOT
- aJICHUH.

B armocdepax XomOgHBIX 3BE3, KOMET U MEX3BE3IHBIX OOIaKax
HEHUTPaJILHOTO BOJIOPOAa ObUTM OOHAPY’KEHBI MPOCTEUIINE ABYXaTOMHBIE
pajuKaibl U B emle OONbIIMX KoindecTBax (B arMocdepax XOIOTHBIX
3Be311) MHOTOaToMHBIe MoJiekyisl (HCN, C3N, HC3N, CH4, NH3 u ap.).
beuto N10Ka3aHO SKCHEPUMEHTAIBHO, YTO TaKWe COSAMHEHHUS MOTYT
00pa30BBIBATHCA B PE3yJIbTaTe XUMUYECKUX PEAKIHMM B MPOTOIIAHETHON
OKOJIOCOJTHEYHOU TymaHHOcTH. B cocraBe komersl Koroyreka (1973
ron) ObLTH OOHAPYKEHBI MOJIEKYJbl CHHWJIBHOM KHCIOTHI W METHJI-
nuaHa. B oOnakax MeX3BEe3JHOr0 raza TakKe ObUIH OOHApYKEHBI
CJIO’KHBIE OpraHUYECKHE MOJIEKYJbl, comepxamniue 10 11 atomoB. OHmM
O0Hapy>KEHBI u 3a npeaenaMu Hauen lNaakTuku.



OcoOblif WHTEpeC MPEACTABISIOT METEOPUTHI, KOTOpBIE HAa3bIBAIOT
YIJIMCTBIMU XOHAPUTAMH. XOTS UX IO MAacce U HEMHOTO (BCEro OKoJo 5
%), HO OHU Ba)KHBI CBOUM IIPOUCXOXKJIECHHEM: UX COCTaB OJIMKE BCETO K
TOMY HEpBUYHOMY BELIECTBY, M3 KOTOPOro 00pa3oBaUCh IUIAHETHI
3€MHOM Ipynmsl. JIpyrumMu Ci10BaMu, OHU — B OIIPENEICHHON Mepe KoY
K TOHMMAaHHUIO O00pa3oBaHUs XHU3HM Ha 3eMile U IPOUCXOXKICHHS
OpraHMYECKHUX HCKOIIAEMBIX.

HccnemoBanusi moka3anw, YTO B YIJIHCTBIX XOHJPHUTAX HMEIOTCS
CIEeyIOIlMe  OpPraHUYEeCKUWEe  COCAMHEHHUs:  anudaruyeckue U
apOMaTUYECKHE  YIJIEBOJOPOJbI,  TeTEPOIUKINYECKHE  a30THCTHIC
OCHOBaHUs (MypUHBI, MUPUMUIWHBI, MOPGUPHUHBI W JAp.), caxapa H
Oonpiioe pasHooOpaswe amuHOKHcHOT. bonee 90 % opranuku
COCTaBJIIET TMOXO0XKMH Ha Caxy apoMaTudyeckuil mnosumep. Ilpu
BBIJICTICHUM OpPTraHWYECKUX BEIIECTB W3 METEOPUTOB OYECHb BaXHO
JI0Ka3aTh, YTO OHU HE MPUBHECEHBI ¢ 3eMin. Tak, y OMUCAaHHOTO BBIIIE
meTeoputa Mepuncon B 1971 romy ObutH BBIAENEHBI 18 aMUHOKHCIIOT,
00JIbIIIE MOJIOBUHBI KOTOPBIX MPAKTHUECKU HUKOI/Ia HE BCTPEYANIUCh B
36MHBIX YCIOBHSIX. DTO JOKa3bIBAIO UX «HEOECHOE» MPOUCXOXKICHUE.
Mo>XHO, KOHEYHO, MPEIINOJIOKUTh, YTO METEOPUTHI OBLIU 3aCOPEHBI
OpPTaHWYECKUMHU COSAMHEHHUSIMH B KocMoce. VcciiemoBanus mpoIecCOB B
OKOJIOCOJTHEYHOM MPOTOIUIAHETHOM TYMaHHOCTH TpPU €€ OCThIBAaHUH
MOKa3aji, 9YTO TaM oOpa3yercs OOJbIIOE KOJUYECTBO MHOTOATOMHBIX
YTJIEBOJIOPOAOB U APYTUX OPraHUYECKUX COCTUHEHHM TakuX ke, KaK U B
MeTeopuTax. TakuM o0pa3oM, OBLIO [IOKa3aHO, 4YTO OpPTaHHYECKUE
BEIIeCTBA B YIVIMCTBIX XOHJAPUTaX HMEIOT HE OHOJOrHYecKoe
MPOUCXOXKICHNE, a BO3HUKIN B PE3yJIbTaTe XMMUUYECKOTO CHHTE3a B 10
MJIAHETHOM OKOJIOCOJIHEUHOU TYMaHHOCTH.

bbi1 M3yueH MONEKYJISpHBIA COCTaB MEX3BE3AHOM Cpelibl. ITO JIeJIaeTCs
HAa OCHOBAaHMM CIEKTPAJbHOIO aHaNW3a MU3JIy4YyeHus. Y ajoch
UCCJIEIOBATh MO MEX3BE3JHBIM JIMHUSAM MoruomeHus coequHenus CH,
CH+. 3aarmocepHbie n3MepeHus TO3BOIMIN POBOAUTD aHAIN3 JIMHHUHA
MOTJIOUICHUs] U B WH(PaKpacHOM, U B yJIbTPapUOJIETOBOM YydacTKax
CIEKTpa.

N.C. IIxnoBckuii TEOPETUYECKU TOKa3aj, YTO CBOOOTHBIC PaJIMKAIIBI
JOJDKHBI M3JIydaTh B paguoauana3oHe. B 4acTHOCTH, IJIMHA BOJIHBI

pamuounsnyuenuss OH paBna 18 cantumerpam. B 1963 roay 3tu BbIBO/BI
ObUTM TIOATBEPXKACHBI: Ha (POHE HEMPEpPHIBHOIO CIEKTpa spuyailliero
KocMHYecKoro paauoncrounuka Kaccuores A Obut oOHapy’>keHBI B
noriomennn paguonuanun OH, Haxopasuierocsi B MEXK3BE3JHOM Cpelie.
Briocnencteuu ObUTM 0OHApYKEHBI HE TOJBKO JIMHUU TroromieHus OH,
HO M Takue *e JUHUM u3nydeHus OH. DTo uznydeHue okazajioch O4eHb
WHTEHCUBHBIM U HUMEJO HEKOTOpbIE JPYrHe BEChbMa 3K30THUUECKHUE
CBOMCTBa (MEPEMEHHOCTh MHTEHCUBHOCTH H3Iy4YEHUS BO BpEMEHH,
nossipuzanus). Hekotopoe Bpemsi cuMTanoch, 4TO OHO MPEACTABISIET
co0ol pagroCHTHaIbl BHE3EMHOM IMBHIM3aMU. Ho BIociencTBuu Bce
9T CBOWCTBa yNajloCh OOBSICHUTh ECTECTBEHHBIMH MPHYUHAMHU.

NutencuBHocth wm3nydenus OH oueHb BenMka MTOTOMY, YTO OTH
MOJIEKYJIbl HaXOMSTCSl B CHJIBHO HEPaBHOBECHOM, MEPeBO30YKIEHHOM
COCTOSIHUU. B TakuxX yCIOBUSX OHU CHOCOOHBI M37Ty4aTh KOT€PEHTHO, TO
ecTh B ¢aze. [Ipu 3TOM NPOUCXOIUT yCUIIEHUE PaTuou3TydeHus. Takoi
3ppeKT Ha paauoBONIHAX ObUI M3Y4YeH B J1a0OPATOPHBIX YCIOBHSX.
VY cTaHOBKH, MO3BOJISIIONIME MOJMyYaTh TaKOE€ KOTEPEHTHOE U3Iy4YeHHUE B
nabopaTOpHBIX YCIOBHSIX, HA3bIBAIOTCA Ma3epaMu (B OTJIHYHE OT
Ja3epoB, KOTOPhIE AAIOT M3JIyY€HHE B ONTHYECKOM JAHMAana3oHe). 3HAUuT,
Mex3Be3/1Hble MoJeKybl OH sBistoTcs ectecTBEHHBIMU Ma3epamu. OHU
(YHKIIMOHUPYIOT B YCJOBHSX, CBSI3aHHBIX C CaMOW paHHEW CTaauei
HBOJIIOIUM 3Be3]l U IaHeT. X u3ydeHune MoeT AaTh MH(OpMAIHUIO O
mpoleccax Ha JTane poXKIeHWs 3Be3n M IutaHeT. MccrnenoBanue
W3IIyYeHUs B PAJAMOJHMAa30HEe Ha CTPOTO OIMPEACTCHHBIX JTMHAX BOJH
(IpyrumMu clioBaMH, H3yY€HUE PAJUOJIUHUII) MO3BOJIHIO OTKPHITH
MHOTHE€ OpPraHMYECKHE MOJEKYJbl B MeX3Be3lHON cpeae. Cpeau Hux
dbopmanbaerun (H2CO), yrneBogopoabl, CHUPTHI, KUCIOTH (CUHHUIIbHAS,
M30-1IMaHOBas, KapOOHOBAs1), aMHUJIbI KHCIIOT, AMUHBI, HUTPUTBI, IPOCTOM
U CIOXHBIN 3¢uphl. beimu 0O0HApYXEHBI MOJIEKYJIBI, cocTosume u3 11
aTOMOB, UMemwImue maccy B 123 atomubix eaunul mMaccel. 9to HCON
(mmaHokTaTreTpanH). MoJeKynsapHble O0JlaKa HeJIb3sl HMCCIIEeNOBaTh C
MOMOIIBI0 BUJIUMOTO CBETa, TaK KaK COJACpXkamlascs B HUX IbUIb
MOTJIONIAET CBET M MO3TOMY OHHM BOCIHPHUHHUMAIOTCA KaK «UEpHBIE)
obmaka. Tonbko pagron3TydeHrue MOJIEKYJ MPUHOCUT HaM WH(POPMAITUIO
o HuX. Bomoponm B »THX o00lakax HaxogUTCS B MOJEKYJISIPHOM
COCTOSIHMM, TOATOMY MBI HE PETUCTPUPYEM OT HUX PAAHOIHMHHUHA C
JUTHHOW BOJIHBEI 21 caHTUMeETp (OT aToMapHOTO Bojopoxa). UzmydeHue



pazuoOIMHUM MOJIEKYJI MEK3BE3IHOTO Ta3a AaeT HHPOPMALIUIO HE TOJIBKO
O HAIUYUU MOJIEKYJ, HO M O MHOIOM JpPYroM — KHHETHYECKOU
TEeMIeparype, IUIOTHOCTH  MOJIEKYJ, XapakTepe TypOYJIEHTHBIX
JBIDKEHUH. MOXHO JaXe ONpeleluTh HANpPsSKEHHOCTb MarHUTHOTO
HoJsi B MOJIEKYJSIPHBIX YepHBIX obOnakax. YepHble (MOJIEKYIISPHBIC)
o0naka SBISAIOTCS CaMbIMM MAacCUBHbIMM B Hamed [amakTuke.
[InoTHOCTH MOJIEKYJ YBEJIMYMBAETCS MO HANPABIEHUIO K €r0 LEHTPY.
CrnoxHble MOJIEKYJIbI JOKATU3YIOTCA B LIEHTpe obnaka. OTcroga HCXOIUT
panuousiydenue, Bo3oyxaaemoe monekynamu OH u H20 u umeromee
Ma3epHbIil Xapakrep.

Macca opraHm4ecKuX MOJIEKYJI B 00JIaKaX MOYKET COCTABJISITH B HaIICH
lamaktuke mnopsnka pgecstu macc ConHua. Macca OpraHM4ecKux
COCIUHCHUI IJIaHET, BEPOSITHO, ere OoJtbIIre.

Takum oOpa3om, B mocieqHee BpeMs ObUIa yCTAaHOBJICHA IIHPOKAst
pacnpoCTPaHEHHOCTh OPraHUYECKUX COCIMHEHWU B Hameu ['anakTuke,
KOTOpBIE SIBIISIOTCA HEOOXOIUMBIM YCIOBUEM BO3HHUKHOBEHUS >KM3HU.
Benp u3 cmecu NH3, H2, H20 u CH4 npu coOTBETCTBYIOIIMX YCIOBUAX
(HayIMUMH HMCTOYHHKOB SHEPTUHN) MOTYT 00pa3oBBIBATHCS
AMHHOKHUCIIOTBI. JTO TMPOUCXOAUT B MOJEKYJSPHBIX YEpHBIX OOJIaKax.
Tak, B Crpenbiie B2 ObUl OTKPHIT METAaHUMHUH ¢ METHJIAMHH.
CoenuHeHNE MOCIEAHETO C MyPaBbUHONW KHCIOTOM JAAaeT aMUHOKHUCIIOTY
- TJIALKH.
N3BecTHBI 3TANbI IBOJIIOLUH KU3HM:
1) HauanpHBIE MONEKysipHBIe coequHenus (CH4, H20, NH3, CO u np.),
2) GuoJorHYecKue MOHOMEPH! (AMHUHOKHUCIIOTHI, Q30TUCTHIE OCHOBAHUS U

ap.),

3) OUOMOIUMEPHI,
4) 70 KJIETOYHAs OpraHM3aIHs,
5) KJIETKA.

Hyxneunoeie kucnotsl (JJHK m PHK) u Genku (To ecTh moauMepbl
0oJiee TMPOCTBIX BEIIECTB) SBISIOTCS OMOJIOTMUYECKUMH MOJIEKYJIaMHU.
HyxiienHOBBIE KHMCIIOTBI IIOCTPOCHBI W3 HYKJIe-0THUAOB. [locneanue
COCTOAT W3 YIJICBOJA, a30THCTBHIX OCHOBaHUW U ¢ocdarta. bemku xe

coctosAT U3 20 BUIOB aMMHOKHUCIIOT. Bee pasHooOpaszue M3BeCTHON Ham
JKU3HH cocTonT m3 28 BemecTB: 20 aMHHOKHCIOT, 5 OCHOBaHHWM, 2
YIJIEBOJIOB, 1 docdara.

PaccmoTpeHHbIe BBIIIE JaHHBIE TOBOPSAT O TOM, YTO OHOJOTHYECKHE
MOJIEKYJIBI MOTYT 00pa30BBIBATHCS B KOCMOCe (1 00pa3yroTcs!).
MatpuuHsblii cUHTE3 OEJIKOB MPOMCXOIMT MO Takoi cxeme. [lnan
MTOCTPOCHHUSI KJIETOUHBIX OenkoB xpaHuTcs B mojekyine JIHK, koropas
SIBIIIETCSL CBOETO POJia 3aKOJMPOBAHHON MHCTPYKIMEH. B Oenku BXomsT
20 oOs3aTenbHBIX aMHHOKHCIOT. MOXHO cKa3arh, 4ro s3bik JIHK
COCTOUT M3 4YeTblpex «OykB-ocHOBaHWiI» u u3 20 «OykB» (TO ecTb
AMUHOKHCIIOT). 3HAYWT, Kaknas OykBa (aMHHOKHCIIOTA) KOJIUPYETCS
TPUILUIETOM  OCHOBaHui. Ha  mocienoBaTenbHOCTH  OCHOBAHUU
HekoToporo yvactka JIHK mnpoucxogutr cuHTE3 MOJEKYJ OJIHO
nenovyeyHoi pubonyxienHoBoil kucnotrel (PHK). Drtor mporece
Ha3zbiBaeTcsl TpaHckpumnmueid. Ha oOpaszoBannoit PHK cunTe3upyercs
oenok. Jlanee PHK mepeHocutcss Ha pubOCOMBI, TO €CTh Ha KIECTOYHBIC
OpraHeuibl B IUTOIJIa3Me€ KJIETKH (MMEHHO 3[eCh IPOUCXOAUT
obpazoBanue OenkoB). Ha 3TomM 3Tame M MpoOMCXOAUT OOpa3oBaHHE
OeNKOBOM MOJIEKYJIbl. M3BECTHO, YTO BCE KMBOE Ha 3eMJie€ CBSI3aHO C
ONpEeNICICHHBIM XUMUYECKUM SI3bIKOM — F€HETUYECKUM KOAOM. MIMeHHO
OH OmpeneasieT WHAUBUAYAIBHOE pa3BUTHE M CBOWCTBA KaXJOIO
opranm3ma. ['eHermdeckas wuH(OpMamMs 3amucaHa B HYKICHHOBBIX
kucnorax. CBoicTBa JaHHOTO OpraHU3Ma 3aBUCST IJIaBHBIM 00pa3oM OT
0enkoB. CBS3b HYKJIEHMHOBBIX KHCJIOT C OETKaMHU M OCYIIECTBJIICHA C
MTOMOILBIO TE€HETUYECKOTO KOJa.

Jlo HeraBHETro BpEMEHU CUMTAJIOCh, YTO FEHETHUECKU KO sl BcexX 0e3
HUCKIIIOYEHUS JKUBBIX CUCTEM Ha 3eMile OAHMH M TOT XK€, TO €CTh YTO OH
ABIIETCS YHUBEpcaabHbIM. HO He Tak 1aBHO OBLIM OTKPBITHI CUCTEMBL, Y
KOTOPBIX reHeTUYECKUI KOO OTIN4YacTCd OT YHHBCPCAJIBHOIO. 9T0
MUTOXOHApUH. OHU MPUCYTCTBYIOT BO BCEX KIIETKAX, UMEIOUINX SIIPO, U
o0ecreynBaloT YHEPrueil KUBYIO KIETKY. B MUTOXOHIPHUSAX CYILIECTBYeT
cooctBernas JIHK. B kome, KOTOpBIH HMCHOIB3YIOT MHUTOXOHIPHH,
TpOMKa HYKJICOTHIOB KOAMPYET HE Ty aMUHOKHCIOTY, 4YTO B
YHUBEPCAJIbHOM KoJe, a JIPYTYyIO.

DTO OTKPBITHE HABOJUT HA JAJICKO WAYIIME MBICIHA, HWMEIOIINE



HEMOCPEJICTBEHHOE OTHOIIEHUE K MPOoOJIeMe BHE3EMHBIX ITUBUIIM3AIUN.
B.U. NBanoB Ha cumnosuyme B Tamumne B 1981 roay BbIcKazasl HaeHo,
YTO HBIHCIIHWM TE€HETUYECKUH KOJ HE BO3HHK Cpa3y, a eMmy
MpeamecTBoOBal  Oojiee TpocToM Koj (Ha Oosiee paHHEH CTaguu
MPOUCXOKACHUS )KU3HU). DTOT NEPBUYHBIN KO/ HE HCU€3 OKOHYATENBHO,
a COXpaHWJICS B HEKOTOPBIX COBPEMEHHBIX OEIKOBO-HYKJICHHOBBIX
KoMIUlekcax. Ho OH He wurpaer poiab TE€HETUYEeCKOro Koja, a
UCIOJNIb3YETCS ISl TOYHOTO y3HABAaHUSI HYKJIEHHOBBIX KUCIIOT U OEJIKOB.

DTO HATAJKMBAae€T HA MBIC/Ib, YTO M Ha JPYTUX IJIaHETaX B OCHOBE
OCNKOBO-HYKJIEHHOBOW JKU3HU JICKUT TaKO€ KE CTEPEOXUMHUYECKOE
COOTBETCTBUE HYKJICHHOBOW KHCJIOTHI M O€NKa, TO €CTh MEPBUYHBIN KOJI
OEKOBO-HYKJICMHOBOTO y3HaBaHMA. M3 3TOro mepBHYHOrO Koja
o0pasoBalics HACTOAIINN reHeTndeckuit KoA. OH He JOJIKEH OBITh TOYHO
TakKUM JKe, KaKk Ha 3emiie, WM, JPYTUMHU CJIOBaMH, HE O0O0s3aTEIBHO
TeHEeTUYECKU Koja OyneT eauHbM Ha Bcio Bcenennyro. Ho on Oynmer
pasnnanbc;I B paSHI:IX MecTax BCGHGHHOﬁ TOJIBKO HE3HAYUTCJIBHO.

Ha cemunape B Tamnune B 1981 rogy B.C. Tpounkuii Beicka3zan O4eHb
JTI00ONBITHYIO THUIIOT€3Y O BO3HHUKHOBEHUM M DPA3BUTHU KHU3HHU BO
Bcenennoii. CyTh ee 6a3upyercss Ha ONMMCAHHOW BBIIIE MTPOTPECCUBHOM
ABOJTIONNH (KaK XUMHYECKOH, Tak M Omosiormdeckoit). CorjsacHo 3TOM
TUIIOTE3€ JKM3Hb BO3HMKJIA Kak 3aKOHOMEpHBIM 3Tall  3BOJIIOLUU
BcenenHol Kak 1eaoro, mpudeM 3TO MPOU3O0ILIO0 OXHOKPATHO U TOJBKO
Ha TeX IUIaHeTaX, KOTOphle K JTOMy ObTM TroToBhl. Ha BHOBB
00pa3yIoUIMXCs MIAaHETax BIOCIEICTBUU KU3Hb HE BO3HUKAJIA TAKUM XKe
nyteM. [pyrumu ciosamu, B.C. Tpouukuil nmpemiaraer c4urarb, yTO
JKU3Hb BO BceneHHON BO3HHMKIA B pe3yJIbTaTe OJHOPA30BOT0O B3PBIBHOTO
nporiecca. Ecnmu 310 Ha camoM gnene ObUIO Tak, TO TMONydaeTcs
cienyromas XpoHoJoruss Bcedl wuctopur Bceenennoi. IlepBbie msTh
MWLIMApAOB JeT mocie bosbumioro B3pbiBa ymuim Ha 3BOMIOLUIO OT
9JIEMEHTapHBIX YaCTUL 10 MaKpoMouleKy. 11o ucreuenun cnenyromux 5
MWUIMAPJIOB JIET Ha MOAXOAAIIMX IJAaHETaX MOSBUIMCH OPraHU3MBI, U
TOJIBKO IIOCII€ O3TOTO HAydajcs IPOLECC HBOJIOLHUU COLHAIBHBIX
CTpykTyp. Ecnam sTa runoresza mpaBuiibHA, TO HUBUIM3ALUU Ha JIPYTUX
IUTaHEeTax BO BceneHHOW HaxoATCs NPUMEPHO HAa TOM XK€ YPOBHE
pa3BuTHs, 4yTO W Hama. KOHEYHO, TeMIlbl MX pPa3BUTHUS MOTYT OBITh
pa3HbIMU. DTO 3aBUCUT U OT (PU3MKO — XUMHMUYECKUX YCIOBHH B MECTax

WX OOUTaHUS, ¥ OT APYTUX (HaKTOPOB, OMPEICIISIOMINX 3aKOHBI PA3BUTH
nuBUIM3aluii. B 3TOM cilydae He HCKIIIOYEHO, YTO Mbl HaXOJUMCS B
YHUCJI€ OJIHUX W3 TEPBbIX, & MOXET, U SBISEMCS CaMbIMH MEPBHIMHU.
Maremarnueckuii 6uonor H. PameBckuii cauraer, 4To NPUHIUITAAIBEHO
MOJKET CYIIEeCTBOBATh CTO MUJUTMOHOB OMoIoTHueckuX BUAoB. Ha 3emie
3a BCIO €€ HCTOPHUIO CYLIECTBOBAJO YEThIpe MIUIIMOHA BuAOB. He
peayin30BaHHBIX Ha 3emie ocraercs eme 96 mwumoHoB BuaoB. Ho
HEBO3MOXXHA CHUTYyallus, NpU KOTOPOW Ha Jpyrod miaHere OyayT
pa3BHUBATHCS TOJHKO TaKWe OWMOJIOTMYECKUE BHJIBI, KOTOPBIX HE OBLIO U
HeT Ha 3emsie. DTO HECMOTPS Ha TO, YTO Pe3epB HE MCIMOJb30BAHHBIX HA
3emie BUAOB OOJbIIOH — 96 MHILIMOHOB. BBIOOp BHIOB MPOUCXOIUT
ciy4aiiHbIM o0pa3zom. Eciu paccunTtath mo BceMm ImpaBHiiaM MaTeMaTUKU
BEPOATHOCTH TOTO, YTO XOTSI OBl OJTMH U3 BUJOB Ha 3emiie OyJeT Takou
&Ke, KaK U Ha KaKoH-InOo IJIaHeTe, TO OKaKETCs, YTO 3Ta BEPOATHOCTD
MpPaKTUYECKH paBHAa enuHuIle. To €CTh Mbl JIOJDKHBI BCTPETUTH Ha
JPYroM IJIAHETE TaKOW K€ BUJ, KaKoW cyiiecTByeT Ha 3emuie. CKOIBKO
BCETO BHJOB MOXET IMOBTOPUTHCA? bBbUIO MOKa3aHO, YTO JOJIKHO
COBIACTh Ha JABYX miaHerax 160 000 BumoB. 3HAUUT, €CJIM MBI HA APYTOM
IIJIAHETE BCTPETUM KU3Hb, TO 160 THICSY BUOB KHUBBIX CYIIECTB JUIsl HAC
OKa)XyTCsl 3HAKOMBIMH, TAaKUMH K€, KaK U Ha 3emiie. CrienuasucTsl 3TOT
pe3ynbTar (QopMyITUPYIOT Tak: «Mexay MAByMs OHONOTHSIMH HET
pasnuuuii, KOTOpblE MOXHO OBl Ha3BaTh CYyIIECTBEHHBIMU». Takum
o0pa3om, HE HAJ0 MPEYBEINYUBATH POJIb Pa3HOOOpa3usi OMOTOTHYECKUX
BUJIOB BO BceneHHON M aymaTh, YTO Mbl BCTPETUM B JIPYTHMX MHpax
OJIHMX TOJIBKO UyJOBHIIL.

BbIsiICHUB, 4TO OJJHUM M3 OCHOBHBIX YCJIOBHI HEOOXOAUMBIX JUIS
BO3HUKHOBEHHUS BHE3EMHOU ()OPMBI )KU3HH SBISETCS BOJIA, PACCMOTPHM,
KaK 4acTo OHU BCTpedaroTcs BO BeeneHnHo?

6.B0na, KaK yYCJIOBHC BOSBHUKHOBCHMUSA KU3HHU.

Bonma - Ha mepBbI B3IUIAJ KaXKETCA IPOCTEHIIEE XUMHUYECKOE
COCMHEHHE JBYX aTOMOB BOJOpOJa M OJHOIO0 aTomMa KHUCIOpoJa -
ABIIETCS, 0€3 BCAKOTO MPEYBEIMUYEHHUsS, OCHOBOW >KM3HM Ha 3emIie.
HNHTEpecHO OIIeHNWTh, HACKOJBKO BEJIHMKA PaCIpPOCTPAHEHHOCTh ASTOTO
BenecTBa Bo Beenennoit. Oka3bpIBacTCs, TOCTAaTOYHO BEIMKA



DHIIeNa]] CYUTAETCS CaMbIM YUCTBHIM U3 CIYTHUKOB B COJIHEUHOM
cucrteMe. Y4YeHble OTMEYarT, YTO MOBEPXHOCTh OHIIENaJa IOKPBITA
POBHBIM CJIOEM BOSHOTO JibJIa, HE UMEIOIIET0 HUKAKUX MpuMeceid. ITo
NpUAAeT CIYTHUKY YHCTBIA Oenblid 1BeT. Ha moBepxHOCTH DHIenana
OOHApy>KEHO  HECKOJIbKO JKeOOKOB W HEOONBIIMX  KpaTepoB.
HeoxnnaHHOE OTKpBITHE YKa3bIBa€T HA TO, YTO IOJ IOKPOBOM JIbJAA
HaxoIATCs pe3epByapbl C JKUIAKOM BOJOM, KOTOpas BBIXOAUT Ha
MIOBEPXHOCTh IIPU MOMOULIM rensepa. TemiepaTypa BoAbl B pe3epByape
CpPaBHUTEIBHO TeIIasi - okoJio Hyns no llenbcuio, mpuTom, 4TO Ha
MOBEpXHOCTU OHIEnana temmneparypa muHyc 188-193 rpanyca. Ilpu
BBIXOJIC Ha IMOBEPXHOCTh BOJA ECTECTBEHHBIM OOpa3oM 3amep3aer.
IMeHHO MOMEHT BbIXOJa BOJABI Ha IMOBEPXHOCTh — CTOJIO M3 Mapa U
KYCOYKOB JIbJIa — U yJIaJIOCh 3aCHATh KOCMUYECKOMY ammapary. OaHako
Y4EHbIE [TOKA 3aTPYAHAIOTCS CKa3aTh, YTO MOYKET OJOrPEBaTh BOAY. JTO
JIOJKHBI TTOKa3aTh JajlbHEWIINe ucciieoBaHus. TeM He MeHee OTKpPhITHE
OpUAAIO  HCCIENOBATENsIM  HEMaJIo  ONTUMH3Ma. «Mbl  Halmwm
OKPY’KaIOIIYIO0 Cpely, B KOTOPOW MOTJIM 3apOAUTHCS KUBBIE OPTaHU3MBlI,
B HeOoXXugaHHOM Mmecte Hameil CosiHeuHoil cuctembl. Ho mo tex mop,
MOKA MBI TaM HE OKaXeMcsi, 00 3TOM HeJb3si TOBOPUTH C YBEPEHHOCTHIOY,
- cka3ana Kepomnaitn Ilopko, mpeacTtaBuTenb UHCTUTYTa MO H3YUYEHUIO
kocMmoca B bongepe (mratr Konopano). B cBow ouepens crnenuaiuct
NASA Toppenc [[’KOHCOH OTMETHJI, YTO «ECJIM YIAACTCS HAaWTHU OoJIbIe
TaKUX MecT (C MpU3HAKAMU HaJM4YUs BOJBI) U TaM OyIyT HEOOXOIMMBbIe
VMCTOYHMKM DSHEpPrUH, TO, BIOJHE BO3MOXHO, HAa TaK Ha3bIBa€MBbIX
JEASHBIX CHYTHHKAX JPYTHUX 3BE€3]l WJIM IUIAHET OKaXyTCsl CaMble
MOAXOAAIINE YCIOBUS JUISl )KU3HW». «ITO MOXKET NMEPEBEPHYTh B3I
YYEHBIX Ha MOJJOOHBIC BELTN», - 100aBuUi J[>KOHCOH.

Bonma na Mapce npezncrasieHa JIEASHBIMU LIankaMu. EMKOCTB
CEBEPHOU TOJIAPHOMN IIANKU COCTABIISCT MPUOIM3UTEIRHO 1.2 MITH. KM3
apna npu cpenseil tommuue 1.03 kM. B Takoi xomomHol armocdepe,
KaKk MapcHaHCKasi, Tie THEM TeMmIiieparypa peako goxoaut no 300K, a
HOYblO omyckaercs Huxke 170K, yaepkaTh CKOJIBKO-HUOYIb 3aMETHOE
KOJIMYECTBO BOJSHOTO Iapa HEBO3MOXXHO. Ecnu Bce conepxkamiuecs: B
cTonbe BO3ayXa Mapbl BOABI OCAIUTh, MOIYYUTCS MHKPOCKONHUYECKAs
IJIEHKA TOJII[MHOM BCETr0 HECKOJBKO AECATKOB MUKpOH. Eme oauH-nBa
MHUKpPOHa OCa)KACHHOM BOJBI CONEpXKHUTCA B oOsakax. HecMoTpst Ha Bcio
CBOIO IK30THKY, Mapc — 3T0 camas Onu3kas K 3emMje MO OCHOBHBIM

KIMMaTH4ecKuM napamerpaMm IutaHeta CoyiHEe4HOH cucteMbl. MIMEHHO
3ech, Ha 3TOM NPUPOJHOM MOJHWIOHE, B YCIOBHSX, MAaKCHUMAJIbHO
NpUOIMKEHHBIX K OOEBBIM, OTpadaThIBajach KIMMAaTHUECKas CHCTEMa,
nmogoOHas TOH, 4TO /1ajia KpOB BCEMY KMBOMY Ha 3eMile.

16 nexabpst 2009 r. Obuta OOHaApyXeHa TepBas IUIaHETa-OKeaH,
GJ 1214 b. Dra nnaHera craja nepBod, KoTopas Ha 75 % mo macce
COCTOMT U3 BOJBIL.

brnaronmapsi OTKpBITHIO BOJAB Ha OMIDKAWIINX TUIAHETaX, MBI
MOXEM CMEJIO MPENOJOXKUTh O HAIWYUU BOJbI HA IUJIAHETAaX BHE
ConHEYHOU CHCTEMBI, a 3HAYUT O CYIIECTBOBAHUM TaM >XU3HH, MYCTh
Jla’Ke B CAMBIX €€ Ha4aJIbHBIX MTPOSIBICHUSX.

7.Bo3MosKHBIE 30HBI JKU3HU BO BecesleHHOI.

[Mnanets! DOMKHBI OBITH HE MEHBIIE Mapca, 9ToObI yaepXkarb y
CBOEH MOBEPXHOCTH BO3AyX W Maphl BOJBI, HO U HE TAKUMH OTPOMHBIMH,
kak HOmutep u CartypH, mnporskéHHas arMocdepa KOTOPBIX He
MIPOMYCKAET COJIHEYHBIE JTyYH K MOBEPXHOCTH. OJJHUM CIIOBOM, IJIAHETHI
tuna 3emid, BeHepbl, BO3MOXHO YpaHa mpu OJaronpusATHBIX
00CTOSITENTLCTBAX MOTYT CTaTh KOJBIOENbIO KU3HU. A 00CTOSATENbCTBA
9TH  JOBOJBHO  OYEBHJHBI:  CTAOMIBHOE  HM3IY4YCHHE  3BE3JIBI,
ornpefeN€éHHOE PAacCTOSTHUE OT IUIaHeThl JO CBETHIIA, oOecrednBarolee
KOM(OPTHYIO Ul >KU3HU TeMIleparypy; Kpyrosas ¢opma OpOHTEHI
IJIAHEThI, BO3MOKHAS JIMIIb B OKPECTHOCTAX yEeIWHEHHOW 3Be3[bI (T. €.
OJIMHOYHOM WJIM KOMITIOHEHTa OY€Hb IIMPOKON TBONHOM CHUCTEMBI). DTO
riaBHoe. YacTo M B KOCMOCE BCTPEUAETCs COBOKYMHOCTH MOAOOHBIX
ycioBui?

OnuHOYHBIX 3BE3/ JOBOJIBHO MHOTO — OKOJIO IOJOBHUHBI 3BE3]
lanmaktuku. U3 aux okono 10% cxonnsl ¢ ConHIIEM IO TeMIeEpaTrype U
ceetuMocTH. [IpaBna, najneko He BCEe OHM TaKK€ CIOKOMHBI, KaK Halla
3Be37]a, HO MPUOIM3UTENLHO Kaxxaas necstas moxoka Ha ConHIe U B
3TOM oOTHoIIeHuu. HalOmioneHus mnociaenHUX JeT TOoKa3aliHu, YTo
TUTAHETHBIE CHUCTEMBI, BEPOSITHO, (POPMHUPYIOTCS y 3HAUUTEINBHON YacTH
3BE31 ymepeHHOH Macchl. Takum oOpa3om, CoJiHIIE C €ro IIJIaHETHOM
CHCTEMOM JOJKHEI HAIIOMHHATH 0K0JIO 1% 3BE31 ['anakTuKy, 9To HE TaKk
YK MaJI0 — MUJUIHAP/IbI 3BE3 /.



brnaronpusiTHIA 711 BO3HUKHOBEHHUS JUANA30H TEMIEpaTyp —
0—100 °C.

Temneparypa Ha MOBEPXHOCTH IJIAHETHI B OCHOBHOM 3aBHCHUT OT
CBETUMOCTH POJMTENBCKON 3BE3/bl U paccTOsAHUS 10 He€. B konue 50-x
IT. aMEepPUKAHCKUN acTpo(u3uK, KuTaen no poxxaenuto, Cy-Illy Xyanr
UCClIeIoBall 3Ty npobiieMy JAeTajabHO: OH paccuumTtain. Ha kakom
paccTosiHUM OT 3BE3]l Pa3HOrO THUIMA MOTYT HAXOJIUThCS OOUTaeMbIe
IUTAHETBI, €CIIM CPEAHssl TemIepaTypa Ha HMX IOBEPXHOCTH JIEKHUT B
npenenax 0—100 °C. fIcHo, 4TO BOKpYT JIFOOOHM 3BE3bI CYIIECTBYET
onpezaenéHHas o01acTb — 30HA KU3HM, 32 TPAHULIBI KOTOPOl OpOUTHI
ITHX TUTAHET HE JOJKHBI BBIXOJIUTH. Y 3BE3M-KApIUKOB OHA ONHM3Ka K
3Be3le W Hemmwmpoka. I[lpu ciydaitHoM (QopMUpOBaHWUU TUIAHET
BEPOSATHOCTb, YTO KaKas-HUOYAb M3 HUX MOMAAET B ATy 001acTh, Mana. Y
3BE37] BHICOKON CBETMMOCTH 30HA JKU3HHM HaXOAMUTCS JTATEKO OT 3BE3/bl U
OUYeHb OOIIMPHA. DTO XOPOIIO, HO MPOJOKHTEIHLHOCTh MX KU3HHU TaK
Maja, 4TO TPYOHO OXWJATh MOSBICHHUS Ha MX IUIaHETaX pPa3yMHBIX
BelIecTB (3eMHOU Oumocdepe aist 3TOro MoHaAOOMIOCH Oonee 2 MIpA.
JIET).

8.IloucKH KU3HU B COJTHEYHOI cucTEeMeE.

CnyTHUKM M KOCMMUYECKHE 30H[bl HEOJHOKPATHO 3aIlyCKaJIUCh K
BHYTPEHHUM IUUIaHeTaM: poccuiickas «BeHepa», amepukaHckue
«Mapunep» k Mepkyputo u «Bukunr» x Mapcy. 3anyiienssie B 1972-
1973 rr. amepukanckue 30Habl «IInonep-10» u «Iluonep-11» mocturim
BHeIHUX IutaHeT - lOmmrtepa m Carypna. B 1977 r. x IOnwurepy,
Carypny, Ypany u Henryny Obimu Takke 3amyimieHsl «Bosmxep-1» u
«Bosimxep-2». HekoTopble U3 3THUX 30HAOB 10 CUX MOP IPOAOKAIOT
jaeratb y cambix TpaHul] CojHeuHOl cuctembl U OyAyT MOCHLIAThH
UHOpPMAaLIKIO Ha 3eMITIO.

[To mpeamnoysioxKeHUsIM MHOTUX Y4Y€HHBIX, B COJIHEUHOU cHUCTeMe
HEKOTOpbIE KOCMUYECKHE TeJa IPUTOAHBI AJIs KU3HU TIOMUMO 3EMIIH.

A.Mapc.

CornacHO  HEKOTOpPHIM  TMPEANOJOXKEHUSIM  KM3Hb  MorJja
BO3HMKHYTb U Ha Mapce. Hekotopsle ydeHble faxe Mpearoiaraim, 4To
M3HAYaJIbHO OHAa M BO3HUKJIAa MMEHHO TaM M TOJBKO 3aTeM Oblia

nepeHeceHa Ha 3emito. OTKpBITHS, CIENAHHBIE B IIOCIEIHEE BpPEMS
YYEHBIMH, TOJBKO MOJOTPEBAIOT MHTEpec OOLIECTBEHHOCTH K KPAaCHOM
IUTAHEeTe, CTHUMYJIHMPYS acCTPOHOMOB M (DH3UKOB TPaTUTh HA HM3yuEHUE
UCTOPUHU HacTosAulero W mnpouuioro Mapca Bce Ooiblle BpeMEHH U
MaTepUaTbHBIX CPECTB.

OTBeT Ha BOMNPOC «ECTh JIU KU3Hb HAa Mapcey elle He MOoIy4yeH, a
BOT TO, YTO TaM €CTh BOJa, — HEOCTIOPUMBIN (PAKT, KOTOPHIHA YCTAHOBUIIN
pUOOpPHI (B TOM YUCIIE M poccuiickuii HenTpoHHbii AetekTop HEND) Ha
0OpTYy aMEpUKAaHCKUX MapcoXoJoB. [IpudyeM eciau B XOPOIIHA TEIeCKOI
MOXKHO JaX€ YBHJIETh JIEASHBbIC TMOJSIPHbIE NIANKH, YTO I03BOJISIIO
CIeTaTh BBIBOJ O COJEp KaHMM BOJBI HA Mapce B MOJSPHBIX O0JIACTSX,
TO HEJABHO OBUIO OOBSBICEHO 00 OOHApPY>KEHHHM YHUCTOTO JIbJa Ha JHE
MapCHaHCKHX KPaTepOB, PACIOJIOKEHHBIX B CPEJIHHUX IIUPOTaX, MEXKIY
MapCHAaHCKHM 3KBAaTOPOM U MOJIIOCOM.

HISTORY OF WATER ON MARS

(HUcmopus 800wl Ha Mapce).

YueHbIM TakKe yIaJloch HaWTH Ha Mapce y4acTKH MOBEPXHOCTH,
[0 TMOKa3aTelasiM CYXOCTH UM TEeMIEpaTypbl OKpPYXKAIOWIEH CpeJibl
CONOCTAaBUMBIE C HEKOTOPBIMH pernoHamu 3emiu. Camoe riaBHOE, YTO
YCIIOBUSI Ha OTHX YYacTKaXx B CBOE€ BpeMs OBbUIM JIOCTaTOYHO
OJIarONpUATHBI AJIs1 Pa3BUTHS JKUBBIX OPraHU3MOB.

HNurepecHo urto, kamenb ALH 84001 Obu1 oOHapyxeH B
AHTapktuae B 1984 romy. YdeHble 3aKIIOYMIM, YTO OH ObUI BBIOUT C
noBepxHoctu Mapca okojio 17 MumnoHoB JieT Ha3zaa. Ha moBepxHoCTH
MeTeopuTa ObUIM OOHApYy>KEHbl CTPYKTYphl, IO BHEUIHEMY BHUIY
HANIOMHMHABINIME OKAMEHEBINE OaKTepHalbHbie HApOCThl. B cocraBe
KaMHsI XUMUKH HAIlUIM CJIOKHBIE OPraHUYeCKUEe MOJIEKYNbl. JTU (aKThI
MOIJIM  CIYXKUTb  KOCBEHHBIMU  MOATBEPKICHUSIMH  TEOPHUH O
CyILIECTBOBAHUM Ha Mapce *13HHU B IPOLLIOM WM HACTOSIILIEM.
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®otorpaduu, caelaHHbIE HCCIENOBATEIbCKOW cTaHiuei Mars
Global Surveyor 30 aBrycra 1999 roma (cneBa) m 10 centsops 2005
roga. Ilocnennsist ¢ororpaduss uMeeT pa3MbIB, OCTaBISEMBIA BOIOH.

MukpoOsbl, )xuByIue B ['peHnan iy 1 BIpabaTHIBAIOIINE METaH,
MOTYT MPOJUTH CBET, )KUBYT JIU TOJOOHBIE OpraHu3Mbl Ha Mapce uiamn
Het? Ha Mapce MOTYT KUTh MHUKPOOBI
K TakoMy BBIBOJIy MPUIILIN YYEHBIE W3 YHHBEPCUTETOB MOHTaHa M
Kamudopuus.

2 microns
i

Tl T
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Microbes that Survive in Extreme Conditions

HccnenoBanne oOHapyKEHHBIX MHKPOOOB, MpAYyLUIMXCA B ToOpax
KPUCTAJUTM30BAHHOIO JIbJ]a Ja€T OCHOBAHHME CUMUTATh, YTO HANJACHHBIA B
MapcHaHCKOW aTMocepe MeTaH MOXKET NPOU3BOAUTHCS TOXOKUMHU
MUKPOOPTaHU3MaMH, KOTOPbIE MOTYT OOMTATh BO JIbJY BHYTPH IIAHETHI.



Bepxnuii puCyHOK - HCKONaeMmble, HaWJICHHbIE B Macce
Mereoputa ALH84001, npennonoxuTenbHO 3TO  OKaMEHENIOCTb
O0akTepuu, YTO  KOCBEHHO  TIOATBEPXKIACTCSI  OTHOCHUTEIHHBIM
pacroyio)keHueM OOBEKTOB W YUCTOTOW OOHApY>KEHHOTO MarHeTuTa
[M3o06paxenne HACA]. HwkHMiII PHUCYHOK — MarHUTOTAKTHYECKas
Oaktepust M. bavaricum, oOHapyxenHas B basapuu [I'epmanus].
OT4eTnMBO BUAHBI LIETIOUYKH KPUCTAIJIOB MAarHETUTA BHYTPHU OaKTepuu U
rpaHyibl cepbl - TeMHble Imapbl [M300pakeHHe TpyMNIbl U3ydeHUs
OnomarHeTruzma MIOHXEHCKOTO YHusepcureral]. (
VYdeHble MPeCTaBUIN PE3YIbTAaThl UCCIIEOBAHUS, KOTOPOE JOKA3bIBAIOT
HaJIM4ue B METEOPUTE OKAMEHEIOCTell MHUKpOOpPraHM3MOB, Oojee Toro,
OHHU 3asiBHJIM, YTO APYTHe MApCHAHCKHE METEOPUTHI TAKXKE COAepXKat
YEeTKO pa3Iu4MMble M HIECHTU(UIUPYEMbIE OKaMEHEIOCTH MHUKPOOOB,
4TO eme OoJblle MOATBEPKIACT CYIIECTBOBAHWE BHE3EMHOW >KU3HHU.

«Mpb1 Oonee yem Koraa-nubo yBEpeHbI, 4To Mapc, BepOsATHO, KOria-To
ObUT W, BO3MOXHO, N0 CHUX TOp SIBISETCS NPUCTAHUIIEM >XU3HU», -
3a8BWJI IJaBa rpynmnel  ucciaenosarened  JpBunx  Makkedl  Ha
opranuzoBanHoi ~ HACA  koHdepeHmmm 1O  acTpOOHOJIOTHH.

Opnako, 10 cUX TOp HE JOKa3aHO MAPCHAHCKOE MPOUCXOKIECHUE JTFOOBIX
BO3MOXXHBIX MUKPOUCKOIIAEMBIX, HAlJICHHBIX B METEOPUTAX, TaK KaK HE
UCKITIOYEHO MX (hOPMUPOBAHME TPHU 3arpsi3HEHUM YXK€ MOocie MaJeHUS
MeTeoputa Ha 3emito. KpoMe TOro, BCce MapCHaHCKHUE METEOPUTHI
COCTOSIT U3 TBEPAOW MarMaTU4yeckoil MOpoAbl, TaKk Kak Oosee Xpymnkas
ocajouHasi TOpOJa, KOTopas C Ooyblieli BEPOSTHOCTHIO MOXKET
CoNlepKaTh CJeIbl JKU3HHU, pachagaerca 0 JOCTH)KEHHUS 3eMIIH.
Bo MHOxecTBe JOKIIanoB, TOCBAIICHHBIX JKU3HH Ha Mapce,
MPEIOIOraeTcs, YTO CyXOW M XOJIOAHBIM B HacTosimeM, Mapc Hekorja
ObUT TEIJIBIM © BJIAXHBIM, BIIOJHE MPUTOAHBIM JUISL  JKHU3HH.
Hamnpumep, mmaneronor HACA Kapon Crokep [Carol Stoker] 3asBumn,
yro Phoenix Mars Lander, coepmmBmmii B 2008 romy mocaaky B
MOJIIPHOM paiiOHE CEBEPHOTO MOJyIIApHH, OOHAPYKU HA COBPEMEHHOM
Mapce TspKenble, HO MPUTOIAHBIC s KuU3HHU ycioBus. CTokep ObLT
OJTHUM M3 HCCIEJ0BaTeNe MO HECKOJbKUM MHCTPYMEHTaM arapara.
Benyumit uccnenoarens HACA npuHuMaBimii yuyactue B 6-TH JeTHEH
MUCCHHM MapcoxofoB Spirit m Opportunity mo mnporpamme Mars



Exploration Rover CtuBen CkBaiipc [Steven Squyres] cooOmiusi, 4To oH
yOeXIeH B TOM, YTO OAHAXKIbl Ha Mapce ObUIH YCIOBUS MPUTOTHBIE TS
KHU3HU. YUEHbIH 3asgBWI, 4TO Mapc KOraa-To MM KUAKYI0 BOAY Ha
MOBEPXHOCTU WM OJIM3KO K HEW, Ha 3TO YyKa3bIBalOT OOHApy)KEHHbIE
MapcoxXoJaMH  MHOTOYHCICHHBIE  MHUHEpallbl,  KOTOpblE  MOTIJIH
chopMupoBaThCs TOJIBKO B MIPUCYTCTBUU BOJIBI.
Ieiizaxu Mapca BecbMa pa3HOO0pa3HbI:
dortorpadus Mars (’)’iirszsey (NASA). Paﬁog{Chasma Boreale:
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dotorpadun Mapcoxona Curiosity ¢ Mapca:

Kopuuneeamoe cepoe nebo Ha 3axame. H3o00padxicenue 6
peanvhbix ysemax noayueno mooyiem Pathfinder na Mapce na 24-i
Mapcuanckutl Oenv npebviganus Ha nogepxrnocmu(22 uousn 1996). Hebo
oxono Coanya ceemno-econyoozo yeema(NASA/JPL)

®otorpadus Mars Express (NASA). Paiton Hebes Chasma:



o ' VBenmuuuB oauH U3 (QparmMeHToB  (ororpaduu, yUeHbIE

CHumok, nepedannwvlit camoxoouvim podomom "Cnupum'’ O0HAPYKHITH HCTIOHATHBIN [peaAMeT, KOTOpPBIX MOXHO
noeepxnocmu Mapca: UICHTH(QHUIIMPOBATH KaK YTOTHO?
(xpatep I'ycea)




B.9Hnenag — mecroii nmo pasmepam cnytuuk Carypna.

Oxkazanock cnyTHuk CarypHa —JHIeEnaja Jydllee MeCTO IS
MOMCKA BHE3EMHOMW KU3HH.

On 6wt OoTKpeIT B 1789 Tomy B Xone HaOmOACHUN YuibsiMa
I'epuens.

[ToBepxHOCTH

Ha noBepxHoctu DHIenaaa xojlogHee, YeM Ha IPYTUX IUIaHeTax-
cnytHukax CarypHa: Temmeparypa B cpeaHeM cocrtabisser —200 °C.
Cronp  HM3Kas TemmepaTypa oOOyCJOBJIEHAa KpailHE  BBICOKUM
nmokaszatenem anbbeno, cocraBimsommM 90 %. Ilpum Takoit HU3KOM
TEMIIepaType HU OJHA M3 U3BECTHBIX (POPM >KU3HU HE BBIKHMBET Ha €T0
MMOBEPXHOCTH.

Ha noBepxHocT OHuenaaa A0BOIBHO MHOro TpewmuH. C ux
MOMOIIBI0 Y4YEHBIE CMOIVIM YCTAHOBUTh, YTO MO JIEASHONH KOPKOM

uMeeTcs OKeaH. Temmeparypa B TPEIIMHAX MOXKET A0X0auTh 10 —85 °C,
YTO 3HAYUTENILHO BBIIIE, YEM Y TIOBEPXHOCTH.

ITox moBepXHOCTHIO

[lo nanueiM ¢ «Kaccunm», B Heapax OHIENaga HAXOIUTCS
YTIIEBOJIOPOIHBINA «CYID», )KHJIKAasi BOJIa U MCTOYHUK TEIIa, TO €CTh BCE
KJIFOUEBbIE€ MHIPEIUEHThl ISl BO3HUKHOBEHHUS NPUMUTUBHBIX (GOpM
JKU3HU.

Oxkean

Ha ro:xxHOM TOMIOCE 1O JIeASTHON KOPKOM DHIlenaaa Ha rIyOuHe
15—20 kM HaxoaMTCs OKEeaH W3 KHUIKOH BoJbl. Ha 3TO yKka3biBarOT Bce
nanHble ¢ «Kaccuumy, coOpaHHble BMecTe. TeMiieparypa BEpXHUX CIIOEB
OKeaHa cocTaBiisieT okojo —45°C, OogHAaKO C pPOCTOM TIIyOWUHBI
TeMIlepaTypa pacTéT U MOXKET A0XoauTh npumepHo no 0...+1 °C, uro
CpPaBHHMO C TEMIIEpaTypoil BOJIbl B HEKOTOPHIX MecTax Ha 3emie. bonee
toro, B utone 2011 roxa yuénsie ¢ nmomombio «Kaccunm» ycraHoBuiu,
YTO BOJIa B OK€aHE COJIEHAsI U 10 COCTaBy OYCHb OJM3Ka K 3eMHOU. Bce
3TH OTKPBITUS 3HAYUTEIHHO YBEIUYHMBAIOT BEPOSITHOCTH TOTO, YTO Ha
DHIlenane ecTh KU3Hb.

B xonne 2005 roga 30oux Cassini, KOTOpBI paboTaeT Ha OpOUTE
CarypHa, MpoBOIWJI ChEMKY OHIENala, OJAHOIO M3 CIYTHHUKOB A3TOM
iaHeTel. Ha CHUMKax, CIeNaHHBIX B TOT MOMEHT, KOTJa ODHIIeNnay
nojaceeunBaics c3agu CoyHIEM, y4eHble OOHAPYKUIM HEYTO MOXOXKee
Ha ¢oHTaHbl. Ha moBepxHOCTH DHIENaga B €ro I0KHOW MPHUIIOISPHON
o0jacTH, Kak OKa3aJloCh, €CTh MCTOYHUKH, BBIOpAchIBAIOIINE B
OKpyXaromiee MpoCcTpaHcTBO "(oHTaHBI"' MENKUX 4YacTHi. Takux
(OHTAaHOB TaM HECKOJBKO U OHM Pa3HBIX pa3mepoB. g mosydeHus
Oonee Haze)xHOUW HMH(OpPMAIMM KOMaHJAa YYEHBIX IpoBesia 00paboTKy
CHUMKOB, YTOOBI YCUJIUTh CIA0BIA CUTHAJ U cliejaTh 0oJiee HArIsTHBIMHI
KOHTYpHI (hakelmoB BhIOpackiBaeMOol Marepuu. Ha ocHOBe MaHHBIX O
paccestHUM CBeTa BBIOPACHIBAEMBIMU YaCTULIAMHU YYEHbBIE OIpeIeIuiu,
9TO YaCTHIBl MPEACTaBISIOT COOOW TJIaBHBIM 00pa3oM MaJIeHbKUE
KPUCTAJJTUKY BOJASIHOTO JIbJIa U YTO BBICOTA 3TUX (POHTAHOB COCTABJISET
He meHee 100 kM. [Toka TOYHO HEU3BECTHO, YTO BBI3BIBAET TAKOW BHIOPOC
JpAa ¢ moBepxHoct DHIenana. Ho ects aBe runotessl. [lepBas cocrout
B TOM, YTO YAaCTUYKHA BOJSIHOTO JbJa - 3TO 3aMep3IIhe Mapbl BOJIBI,
oOpa3oBaBIIMeCs TpPU HArpeBaHUU IOBEPXHOCTHOTO Jbaa CoaHIEM.
Bropast mpeanonaraer, 4To Ha HEKOTOPOW TIyOMHE TOJ MMOBEPXHOCTHIO
DHLenana TeMiepaTrypa nopojibl 10CTaTOYHO BBICOKA JIJIsl PEBpallleHus



JibAa B BOAY U 3Ta BOJaA NOA AABJICHUCM BI:I6paCI:IBaeTC$I Ha MOBCPXHOCTHb
Kak B Tei3epe. UTOOBI MpOSICHUTH CHUTyanuio, 30HAY (Cassini HY»XHO
MMPOAOJIKUTE UCCIICAOBAHU A 3HLI€.HaI[a.

N }.;'f'(‘,.é’

Hatel commkenus 3oH1a Cassini ¢ DHIENAI0M U Pe3yIbTaThl:

17 deBpans 2005 roma Kaccurum mposeren Ha pacCTOSHUUU
okoJi0 17 THICSY KHUIIOMETPOB OT TOBEPXHOCTH cryTHHKa CarypHa -
Onnenana. [loaydeHHbIE TaHHBIE YKa3bIBalOT, YTO y STOTO CITyTHHKA
€CTh JIOBOJILHO JUHAMUYHas atMocdepa. ATMochepa y DHuenaga Obiia

oOHapykeHa ¢ momoluipio MarHeromerpa Cassini. C momompo Macc-
CHEKTpOMETpa ¥  yJbTpadHOJETOBOrO  CcHekTtporpada  yaasoch
YCTAHOBUTH, 4TO aTMocdepa DHienana Ha 65% COCTOMT U3 BOASHOTO
napa, 20% npuxoasaTCcs Ha MOJIEKYJISIPHBIN BOAOPO, a ocTaibHble 15% -
9TO YIJIIEKUCIBIN T'a3, MOJIEKYJISIPHBIN a30T U MOoHOKcu[ yriepona (CO).
[IpuueMm, xapakTep pacHpeleneHusl IUIOTHOCTH BOJSHOTO Iapa IIo
BBICOTE YKa3bIBA€T HA TO, YTO OH, CKOPEE BCETO, BBIAEIAETCS U3 KaKOro-
TO TEOTepMaJbHOIO HCTOYHHKA. ['paBUTALMOHHOE MPUTSHKEHUE
DHIenaga O4YeHb Majo M €ro armocdepa JomkHAa Obula ObI JaBHO
paccesTbcsl B KOCMOCE. JTO 03HAa4yaeT, YTO Ha MOBEPXHOCTH DHIlenaaa
UIET IIOCTOSHHOE  BBbIAEIEHME BOASHOrO mapa. Temmeparypa
MMOBEPXHOCTH BOJM3M SKBaTopa OHIenaga coctaBiaseT -193°C. Ona
IIPUMEPHO COBMAJAET C TEOPETHYECKON, PacCUMTAaHHOW Ha OCHOBE
JaHHBIX 00 MHTEHCUBHOCTH U3ydeHust CoJiHIa B 3TOI 4acTH COJTHEUHOM
cucremsl. [To unee Ha morocax DHIENAa JOJKHO OBITH XOJOIHEE, YeM
Ha JKBAaTOpe, TaK KaK COJIHEYHbIE JYYH 3/1eCh MaJaloT Ha MOBEPXHOCTb
MOYTH 1O KacaTenbHOW. OJHAKO cpeaHsAs TeMmIiepaTypa HOXKHOM
MIPUTIOJIIPHOM 00J1acTH cocTaBiisAeT -188°, a HaA HEKOTOPHIX HEOOJBIINX
ydacTkax BOJM3HM OOJBIIOTO pa3jioMma OHa emle Bhle - -163°. Yyensle
CUMTAIOT, YTO MMEHHO B 3TUX MECTax O] JEHCTBHUEM BHYTPEHHEIO
TeIula MPOMCXOJUT MCIAapeHHE MOBEPXHOCTHOTO JbJia C 00pa3oBaHUEM
o0nakoB BojsHOro mnapa. IlomoOHbIe NaHHBIE 0337aYMBAIOT YUYEHBIX:
BEllb €CJIM HarpeB HeJp MPOUCXOJIUT HW3-3a MPWIMBHOM paCKauKH, TO
MOYEMy pa3orpeBy IMOABEpPraercss TOJBKO 00JacTb BOKPYT IOKHOTO
TI0JIFOCA, TJIE PACIIOJIOKEHBI 3araI0UYHbIE ITOJIOCHI.

14 wronsas 2005 cranmusa "Kaccunu" mpomnuia Ha pPeKOpPIHO
OJIM3KOM PacCTOSHUU OT MOBEpXHOCTU cryTHHKa CaTypHa (IpoJieT Ha
pacctostHun 175 kM oT moBepxHOCTH). CrernaHHbIE CHUMKH TTOBEPTIIH
aCTPOHOMOB B M3yMJIEHHE: OKa3ajoCh, 4YTO JIEA0Bas IOBEPXHOCTh
DHIEenaga CIuiolb MOKPhITa TMTAHTCKUMU BaJlyHaMu AuamMeTrpoMm B 10-
20 metpoB (a kamepa ISS cmocoOHa pasznuyarh HpPeaMETHl pa3MepOM
Bcero B deTbipe MeTpa). Hurne 6omnbine B ColHEUHOHN cHcTeMe HUYETO
nonoOHoro He Habmomanocs. IloBepxHOCTh DHIENaaa ucHenpeHa
TpeIlMHAMH,  BO3HUKUIMMH,  BEpPOSITHO,  BCJIEICTBUE  MOIIHOTO
BO3/eHCTBUS rpaBuTanuu CaTypHa W JPYTUX €ro CIyTHUKOB, OIHAKo,
KaKk HU TapaJoKCallbHO, BBIIIEYKa3aHHBIE BaJyHbl MUMEIOT TEHACHIIUIO
pacnosaraTbcs II€ yroAHO, HO TOJBKO HE B TpemuHax. CienoBaTenbHo,
TPENIMHBI BO3HUKIINA YXK€E TOCJIe TOT0, KaK 3TH "aicOepru" oOKOHYaTeIbHO



chopMUpOBaNUCh. Yu€HBIE TEpPSAIOTCI B JOTaJIKaX OTHOCHTEIHHO
npuponabl Takoro nangmadra. EcTh, oqHaKo, ¥ HEKOTOpHIE JOTAIKH.
l'eonorm pasnuuaroT Ha MOBEPXHOCTH OHIENAAa ClEIbl HE MeHee 5
ATAOB €ro TreOoJOTMYECKOM HBOJIONMHU. beckpaTepHble  pailOHbI
naTupyrorcss BozpactoM MeHee 100 miH. ner. Oto Bcero 2%
IIPOJIOJKUTENIBHOCTH  MCTOPUM  OJHIENnana. TeopeTukrn B KadecTBe
BO3MOKHOT'O HCTOYHMKAa AKTUBHOCTH CeWYac Ha3bIBAlOT MPUIUBHOE
paccesiHue dHEPruM, BbI3biBaeMoe J(noHoil u camuM CatypHOM, HO A
ATOTO CIYTHHUK JTOJDKEH ObLT HAXOAUTHCS HAa OOJiee BRITSHYTON opouTe.
Haub6oJee BHIEYATJISIOIINE U300paKeHust DHpeaana

nojydennnle annaparamu Kaccunan (NASA/ESA)

IIpucyTcTBHE OKEaHa COJIEHOW BOABI B MWJIIMApJAaX KHIOMETPOB
OT 3eMJIM MOKET YKa3bIBATh HA HAJTHYHE HHOIJIAHETHON MUKPOOHOM
sku3Hu. Ho Bosa He enquHCTBEHHBINH (DAKTOp, KOTOPHIN JejaeT DHIleIa
MHorooOeraomiei cpenoi ooutanus. Bona conpukacaercsi ¢ KAaMEHHBIM
APOM CIIyTHHMKA, TaK YTO IJIEMEHTHI, HEOOXOIUMBIEC AJIS XKU3HH, TaKue
Kak ¢ocdop, cepa W Kanmuii OyAeT BBHIMBIBATH B OK€aH. OHIENA]
IIPUBJICKACT BHUMAHUE YYEHBIX €IIE U TEM.UYTO CTPYHU Iapa, BBIXOJAIINE
U3 F0)KHOT'O TT0JIF0CA, COZIEPKAaT OPraHnYecKne MOJIeKYJIbl. JTO, Haps Iy

C OCHOBHBIMH DJIEMEHTAMU, HCTOYHUKOM TEIUIa U KHJIKOW BOJBI JIeJaeT
DHuenaa nepBbIM KaHIUAATOM B MIOMCKAX MHOIJIAHETHBIX OPTaHUKH.

B worcnom nonywapuu Suyenada modxcno samemums "mueposvie
nonocvl" — paznomel uepes Komopule 6vixooum 6ooda. Temnepamypa
"muepoevix nonoc" mennee, yem 6 ocmanvHou wacmu (-93 epadyca no
Lenvcuro), u mam 6viU HALIOEHb OpeAHUYECKUE COCOUHEHUS.

"TeXHUYECKH BO3MOXKHO OTHPABUTh 30HJI, KOTOPBI MOr ObI
MpoOYpUTH IBIPY M NMPOBEPUTH BOAY, YTOOBI JaTh OTBET, OJHU MBI BO
Bcenennoil, wunm TaM KUBET emle 4YTO-TO", -  yTBEpXIaeT
MaremaTuk Hukonau bpunnuanmoe u3 Jlecmepckozo yHueepcumema.

PaccBer Ha DHuenazne:

I''Turan-cnytauk CatypHa

TuTtaH B MyJIbTUCIIEKTPAIIBHOM BUJIE



Tutan - enuHcTBeHHass JiyHa B (COJIHEUHOM CHCTEME,
oOnajaromasl TOJCTBIM clloeM aTtMochepbl (COCTOMT B 3HAYUTENBHOM
CTETNEHHU U3 a30Ta) U CI0KHON OPraHUYSCKON XUMHECH.

CnexkTpalbHBIA aHAIW3 TOKa3aJl, 4YTO B JKUJIKOM BHUJIE Ha
MOBEPXHOCTH THTaHAa HAXOIATCA OTaH, NPONAaH, METaH W Jpyrue
yraeBonopoasl. MccnenoBaHus MokKasaiad, 4TO YIJIEBOJOPOAHBIE 03Epa
Tutana coxepxar okosio 1% areTuneHa, KOTOPbIM B COYETAHUH C
BOJIOPOJIOM MOXET oOecreyuBaTh MUIIEH MHUKpoopraHusmbl. Huzkas
TEMIEpaTypa U BBICOKAsI BSI3KOCTh TUTAHOBBIX 03€p MCKIIOYAIOT J1I000e
BOJIHEHUE HA UX MOBEPXHOCTHU, IMOATOMY YUYEHBIEC JIOJITO COMHEBAJIUCH B
HalMuuu kujakocted Ha Turtane. HekoTophie ydeHble Mpeanosararor,
YTO yriieBooponaHble o03épa Turana — 310 HOBas ¢opma >KU3HU.
I'mnore3a o cymiecTBoBaHMM KU3HM Ha cnyTHuke CarypHa
OCHOBBIBACTCS Ha MOPA3UTENBbHON cxoxecTu 3emau U Turana. Ha obenx
IUTAHEeTaX CYIIECTBYIOT a30TUCTas atMmocdepa, SpPKO BbIpAKEHHBIE
BpeMeHa roja (roxa Ha Turane paBeH 30 3eMHBIM rojiaMm) U KPyroBOpOT
JKUJIKOCTEH, TO €CTh, UCIIAPEHHE M BbIMageHUE ocaakoB. Jletom 2010
roga  ObUIO  COOOIIEHO, 4YTO  CHEIHUATUCTBl  aMEPUKAHCKOTO
HanmonansHoro aspokocmuueckoro areHtctBa (HACA) mnomyunnm
JJAHHBIE, HA OCHOBAaHHUU KOTOPBIX BBICKA3AJIM THUIOTE3Y O BO3MOXKHOM
CYIIECTBOBAaHUHU >KM3HU Ha CyTHUKE TuiaHeTbl CatypHa Turtane. Takue
BBIBOJABl OHHU CHENadM HAa OCHOBE aHalM3a MJaHHBIX, MOJYYEHHBIX
C aMEpPUKAaHCKOIr0 MCKYCCTBEHHOro cryTHuka «KaccuHmy, y4€HbIX
nopasuiu /iBa (axra:

[IepBoe OTKpBITHE — TOTOKU MOJIEKYJISIPHOIO BOAOPOIA, KOTOPBIE
OMmyCKalTcss M3 arMocdepbl TuraHa K €ro MOBEPXHOCTH, HO HE
HaKaluIMBalOTCAd, a KyJa-TO «wHcuye3aroT». Bropoe wuccnenoBanue
YTOYHEHHUIIO XUMUYECKUI COCTaB YTJIEBOJOPOIOB, KOTOPHIMU TaK OoraT
3TOT CHOYTHHUK, W OHO IOKAa3aJl0 HEOXKUIAHHYIO M BaXKHYIO J€Tajlb —
OTCYTCTBHUE Ha ero MMOBEPXHOCTHU alneTuscHa.
NmMenHo 5Ta HeOoJbIas OCOOCHHOCTh M BbI3BaJia TIEPEINOJIOX B
Hay4HOM Mupe. Jlemo B TOM, 4TO ewie 5 JeT Hasaj KpYNHbIN
acTpoOuoJior Kpucrodep Makxkei (Christopher McKay)
chopMyIUpOBaIl P CBOWCTB, KOTOPBIMH JIOJKHA, B TEOpUHU, 00Ia1aTh
«METaHOBasi JKM3Hb», e€cau oOHa Ha Turane wumeercd. B ero
MHTEpIpETAl UMEHHO alleTUIJICH JOJKEH CIY>KUTb JJI1 HE€ OCHOBHBIM
MUTATENbHBIM BELIECTBOM, @ MOJIEKYJISIPHBIA BOJOPO MOXKET OBITh €llle

0ojiee TIONIE3HBIM TMHTATEIBHBIM BEIIECTBOM [UISI STHUX CTPaHHBIX
OpPraHHU3MOB.

On 3asBWI:«MBbl BBICKa3alyd NPEANONIOKEHUE O TMOTPeOICHUH
BOJIOpPOJa YK€ IMOTOMYy, YTO 3TO — Hauboyee MOAXOASIIMN ra3 u3
JNOCTYyMHBIX Ha TuUTaHe, Kak KHCIOpPOJ, KOTOPBIA MBI MOTpedisieM Ha
3emne. Ecau 3T JaHHBIE JOEUCTBUTENBHO SBIISIIOTCS MpU3HAKAMU
HINYMS SKU3HU, TO 3TO OCOOCHHO HMHTEPECHO, BEIb MBI Haiijem
COBEpIICHHO HOBYI0O (OpPMY >KU3HU, OTIUYHYIO OT Halleil, KoTopas
6azupyercst Ha XHUIKOM Bome». K cokaneHuio, moka 4ro «MeTaHOBas
KHU3HbY» CYIIECTBYET JHIIb YUCTO TUNOTETHYEeCKH. [0 CMX TOp HUKaKUX
ee MpSAMBIX TMPU3HAKOB HE OOHAPY)KEHO, €CIU HE CUMUTATh HEKOTOPHIX
36MHBIX MHUKpPOOOB, CIOCOOHBIX MOTPEOATH METaH WJIH, HA00OpOT,
BBIICNIATh €M0 B  KauecTBE  MNOOOYHBIX  TMPOJIYKTOB  CBOEH
xu3HenesTenbHocTH. OHAKO 3TO, BCe-TaKU, HAILIM 3€MHbIE MUKPOOBI, 1
OMOXHMUS UX OIpeeNseTcs, Ipexe Bcero, BogHou cpenoil. Ha Turane,
TeMIiepatypa KoToporo konebnercs B paione -180 rpamgycos llenbcus,
no00HOE MPOCTO HEBO3MOXKHO. 3ACUIHSS «METAaHOBAs >KU3HbY» JOJDKHA
ObITh OCHOBAaHAa Ha COBEPIIEHHO MHBIX XUMHUYECKUX IPEBpAILCHUSAX, a
MeTaH (Ha 3emiie — Hallle IJIaBHOe 00raTcTBO, MPUPOIHBIN r'a3), KOTOPHIH
MPUCYTCTBYET Ha CHYTHHUKE B J>KUJIKOM BHJE, JTOJDKEH CIYXKUTh TOM
Cpenoi, B KOTOPOM KU3Hb MOSABISETCS U pa3BUBAETCS, UTPasi pPOJib BOIbI
JUIS 3eMHBIX OPTaHU3MOB.



L5 S

YruneBomopoauele 03€pa  Ha TuraHe: PpaaUOJIOKALIMOHHOE
nzoopaxenue ¢ Kaccunu, 2006 rox

B stomM cwmbicie 000 OTKpbITBIE (hakTa JEHCTBUTENHLHO HE
IIPOTUBOpPEYAT TUIIOTE3€ O HATMUMU Ha TUTaHe «METaHOBOM YKU3HUY», HO
OTHIO/ZIb HE JOKa3bIBAIOT €€ CYILIECTBOBaHHME. Pacuérvl, MpOBEICHHBIE
rpynmoii  Jlappenna Crpobenss (Darrell Strobel),a ero xomanga
npoaHanu3upoBana nanHeie Cassini, UCCIEAYys KOHIIGHTPAIMIO BOIOPOAA
B pa3HbIX yacTsix arMmocdepsl TutaHa u Ha ero MmoBepxHOCTU. PaHee
CUHTAJIOCh, YTO MOJIEKYJISIPHBIA BOJOPOA MOXET OOpa30BBIBATHCS Kak
MPOMEXKYTOUHBIM MPOAYT pa3fioKEeHUsS MeTaHa, IPOUCXOMAIIETO B
BEPXHHX CIOAX aTMochepsl ClyTHUKA ToJ faeiictBueM Y @-nmyyeit. U mo
OCTaJIbHBIM CJIOSIM aTMOc(epbl OH JOJKEH OBbITh pacmlpeiesieH MOYTH
paBHoMepHo. Ho Ctpobenb ¢ KkoieraMu OOHApY>KWJIM TPAAUEHT
KOHIEHTPAllUU BOAOPOJA, KOTOPbI CBUAETEILCTBYET O 3HAUMTEIHLHOM
TEUYEHUH MOJIEKYJIIPHOTO BOZOPOAA U3 BEPXHHUX CIOEB aTMOC(Ephl K
noepxHoctu — nopsaka 1027 monekyn B cekyHay. «lIpencraBbre, -
HOSACHSET 3TO CaM YYeHBIH, - OyATO BBl 4Yepe3 MOXKapHBIA INUIAHT
BBUIMBAETE KUJIKHI BOJOPOJ Ha 3eMJIIO, HO OH TYT K€ MCYE3aeT... ITO
0COOEHHO YIWBISET, MOCKOJIBKY MOJEKYJSPHBIA BOJOPOX B TaKUX
YCIIOBUSIX OUYEHb MHEPTEH, K TOMY )K€ OH CIIUIIKOM JIETOK U MOABMXEHY.

Ha ramoraeM xomoje s TOro, YToOBI BOJOPOJ CHOBA MPOpPEarupoBal
C aleTWwICeHOM ¢ o0pa3oBaHWEM MeETaHa, MOTPEOOBATIOCH OBl HATMYHE
KAaKUX-TO MOIIHBIX KaTalM3aToOpoB. MaJoBEpOSITHO U TO, YTO BOAOPO/I B
TaKMX KOJIMYECTBaX HAKaIlJIMBAETCs Ie-TO B ITyOOKHX pacceanHax.
Bropass pabora mpoBemena komanmoi Pomxepa Kiapka
(Roger Clark), koTopas uccienoBaina, pacnpeaeicHue areTuieHa B
atmocepe Turana. OXuIanoch, YTO BCE OOCTOUT JOCTATOYHO SICHBIM
00pa3oM — B BEPXHHUX CIJIOSIX aTMOC(epbl BO3ACUCTBUE COIHEUHBIX JTyuei
MPUBOJUT K Pa3lIOKEHUIO METaHa ¢ OOpa30BaHHWEM aleTHIICHA (M TOTO
e BOJIOpoAa). ALIETUJIEH OIyCKaeTCsl BHU3, HAKAIUIMBASICh B OOIIMPHBIX
«Bogoemax». Ho Ha nene Ha moBepxHOCTH TUTaHAa HUKAKOTO aleTUJICHA
B MIPUHIINIIE HE OOHapyKUBaETCH.

Kpome TOro, He oOHapyXuBaeTcs M TMPU3HAKOB BOABI — 3aTO
3HAYUTENbHbIE KOJIMYeCTBa OEH301a W JIPYTOro  OpPraHu4ecKoro
BELIECTBA, ONPEEIUTh KOTOPOE MOKa HE yAaJ0Ch. ITO PUCYET JOBOJILHO
MHTEPECHYI0 KapTHMHY MECTHOIO Ii€ii3axa: TBepAas OCHOBa BOJHOIO
JbJa, LETUKOM MOKPBITasl CIOEM KHJIKHUX OPraHUYeCKHX COEAMHEHUH,
TOJILIMHA KOTOPOT'O COCTABJIAET OT HECKOJBKMX MWIJIMMETPOB 110 KyJa
OosblIel TIIyOMHBI B HEKOTOPBIX MecTax. Jlaxke B Te mepuojsl, Kornaa
aTMocdepa CIyTHHKA pa3pakaeTcs IOXKIAEM M3 JKUIKOTO MeTaHa H
3TaHa, KOTOPbIE HAMOJHSIOT OOIIMPHBIE HU3UHBI, OHU HE CMBIBAIOT 3Ty
IUIEHKY  JOpyrod  OpraHMKM, M  J€I  OCTAaeTCi  CKPBITHIM.

Hy a 4T0 10 HEBO3MOXXHOCTU OOHAPYKUThH ALETUICH Y TOBEPXHOCTH
Turana, To MpuYMHA TOMY MOXKET OBITh M camas 4TO HH Ha €CTh
OananpHas. K mpumepy, uto eme B aTtMocdepe ero MOJEKyJbl MO
JNEWCTBUEM  COJHEYHBIX JIy4ell  WIM  KOCMHUYECKOM  paauaruu
MPETEePIEBAIOT CIIOKHBIE MpeBpamieHus, (Gopmupys Ooliee CIOXKHBIC
OpraHNYECKUE COCTUHEHUS.

J.Ilnanera Benepa



Tak Oyzaer BeirsieTh Benepa ¢ 6mocdepoii (mo Bepcuu [leiina
bannapna)

Benepa — Bropas ot ConHua ruiaHera COJIHEYHON CHCTEMBI C
nepuoioM obparreHust B 224,7 3eMHbIX cyToK. [lmanera momyuunsna cBoé
Ha3BaHME B 4YecTh BeHephl, OOTMHY JTIOOBU U3 PUMCKOTO MTAaHTEOHA.

Kuznb Ha Benepe

O BO3MOXHOCTH CYIIECTBOBAHMS XU3HU Ha BeHepe roBopuin
JecaTuiieTussMu, Ho ¢ 1950 roma 3To cTajmo Ka3aTrhbCs HEBO3MOXKHBIM.
Benepa Haxogutcs ropasno omvxke k ConHily, 4em 3emiis, TeMIieparypa
e€ moBepXxHOCTH cwibHO moBbimieHa A0 +500°C (700 K), a Takxke TOT
¢axt, uto atMocdepHoe naBieHue B 90 pa3 BbIIE 3¢MHOTO U HAJM4HE
KpallHe CHJIBHOTO TapHHUKOBOTO J(ddexTa, IemaroT KU3Hb BeChbMa
MaJIOBEPOSATHBIM sIBIIEHHEM. TOJIbKO B BEPXHUX CIIOSX aTrMocdepsl,
JTAJIEKO OT MOBEPXHOCTHU IIAHETHI, YCIOBUS YAANEHHO MpUEMIIEMbl JUIs
MOIICPIKAHUS JKU3HH.

Hctopuueckue cBeneHus

B 1870 roxy Oputanckuii actponom Puuapn [IpokTop ykaszan Ha
BO3MOXHOCTh CYIIIECTBOBAaHMSI KM3HM Ha BeHepe, B Tpéx paloHax,
ONMU3KUX B AKBATOPY, KaK OH Ipeanosarai, OblIo Ype3MEepHO KapKo, HO
€CTh MPEANOI0KEHUS, UTO (POPMBI KU3HU MOTYT CYIIECTBOBATh BOJIU3U
nomtocoB TutaneTsl. lIBeackuit xumuk CBanTe AppeHunyc (HOOeneBCKuit
naypeat o xumuu 1903 rona) B 1918 roxy onmcan Benepy kak ruranery
C TIBIIITHOW PACTUTEIHHOCTHIO U BIIAXKHBIM KIIMMATOM, TJI€ )KU3Hb IMOX0XKA
Ha Ty, 4TOo ObUIa Ha 3eMje B KaMEHHOYTOJBHBIM mepuoa. Takum
o0pa3om, B Hay4yHOH (aHTacTUKe pOAWICS TEPMHUH Ul OIMCAHMSA
TUMOTETHYECKUX (GOopM JKHM3HM Ha BeHepe, poaMHOIl KOTOpHIX OblLia
Benepa.

Onnako ¢ koHna 1950-x romoB BCE wHalie AEMOHCTPUPYIOTCS
4yETKHUE JOKA3aTeIbCTBAa HATMYMS HKCTPEMAIIbHOTO KiiuMata Ha Benepe ¢
CHWJIBHBIM TAPHUKOBBIM A()PEKTOM, KOTOpBIH oOecreynBaeT 371eCh
temneparypy okosno +500°C wHa moBepxHocTH. B atmocdepe,
coJepKalie CEepHYI0 KHCIOTy M OOJIauHBIM IOKpOB, aTMochepHoe
JaBJICHUE y MOBEpPXHOCTH cocTaBiser 90 armocdep, moutu B 100 pas
0obie, yeM Ha 3emiie. DTO JaBJICHHE MPUMEPHO PaBHO JABJICHUIO HA
rnyOune Oomee 1000 merpoB B okeaHax 3emiM. B Takux ycruoBusx
IIaHCHl Ha CYIIECTBOBAHHWE HU3HM Ha BeHepe OBUIM TOJHOCTHIO
MCKJTIOYEHBI.

Cy1iecTBoBaHUE )KM3HU HA paHHEH CTaJNK pPa3BUTHUS MIJIAHEThI

Tadaunma Temmeparyp u aTrMoc(epHOro JaBJeHUS HA Pa3HbIX
BbICOTaX B aTMOc(epe Benepnl
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B 1997 rony actpobuonor IpBua ['puHCcyH omyOIuKOBall KHUTY
non HazBanueM «Venus Revealed» (PackpeiTue Benepsl), B KOTOpOi
MIPEATIONOXII, YTO BeHepa B paHHel COJIHEUHON cUcTeMe uMmena Oosee
ONMarompuATHBIN KJIMMaT, 4yeM mo3xe 3emiss U Mapc. XoTs OH He
3aKJIIOYMII, YTO 3€MHas XW3Hb 3apoJauiack Ha BeHepe, HO ocTaBui
OTKPBITOM BO3MOYKHOCTh TOT'O, UTO B TO BpEMs U ceiiuac Ha Benepe ectb
yriaepoaHsle GopMbl KU3HU. B m000M ciiydyae HE HCKIIOYEHO, 4YTO
CIyCKaeMble KOCMHYECKHE anmapatbl ¢ 3eMJd 3aMbIKalOT KpYT,
BO3Bpallasicb, MO HPOHMM CyAbObl, Ha BeHepy — Kk wuctokam
BO3MO>KHOT'O 3apOKIAEHMs )KU3HU B COJTHEUHOM cucTeMe.

Ha pannewm stane ctanosinenust ConHedHO# cucteMbl Ha Benepe,
3emie u Mapce MOTIM CYIIECTBOBATh IEPBUYHBIC «OYIBOHBI) U3
JJIEMEHTOB OpraHUYeCcKON >XHW3HU. Ero Teopus He HCKIIOYEHA Kak
BO3MOJKHAasl, TaK KaK OpPraHMYEeCKOE BEHIECTBO IUIAHETHI MOXKET
MyTELIeCTBOBaTh M3 OJIHOM IIJIaHEThl Ha JApYyryio (Hampumep Ha
MeteopuTax). Takum o0Opa3oM, BIIOJIHE BO3MOXKHO, YTO €CIH KH3Hb
MOSIBWJIACh  OJTHOBpEMEHHO Ha 3emsie W Benepe, MoxeT ObITh
«3arpsi3HEHa» JIEMEHTaMH U3 JPYTUX MUPOB.



BepositHee Bcero Hambosee MOAXOMAICH IIIAHETOW I KU3HU
obta Benepa. 3a 4,5 mupn ner cymectBoBaHus CoJHIIA, €r0 TEILIO
nocrerieHHO pocio. Korma ConHie W miuaHeTsl ObUTH  MOJIOJBI,
WHTEHCUBHOCTh COJHEYHOrO0 CBETa cocTaBisuia npuMepHo 70 % ot
TEKYILEro 3HaYeHUs1, YBEIUUUBAsACh MOUYTH JuHEHHO Ha 1 % kaxpie 110
MUUTHOHOB JieT. To ecth, Ha 3emsie m Ha Mapce, BEpOSTHO, OBLIH
CIIMIIKOM HU3KUE TEMIIepaTypbl, CIMIIKOM XOJOJIHBIA KIUMaT ISt
JKU3HU, Kak Mbl 3HaeM. OnHako Ha Benepe moriu ObITh yMepeHHbIE
temneparypbl. Ecnu xu3Hp Ha Benepe Obuia chopmupoBaHa mocie
3eMHOH, TO OHa JOJKHA OBITh «3arpsA3HEHa», MOTOMY YTO HEIOCTAaET
3BEHbEB HCCIIEIOBAHMM, a >KM3Hb Ha 3eMJie IMOSBHJIACh MNPUMEPHO
3,8 mapn mer Hazaa. Korma CosHile Havanmo W3Mydarh OOJBINE TeIia,
BO3/ciicTBIe mMmapHUKOBOro 3(hdexra Ha Benepe crano cuibHee, B
pe3ynbTare 3TOro KU3HU MPUXOIUIOCH AJaNTUPOBATHCA. JTa TEOPHS
OblTa MHMHHMMAJBHOW, OCHOBAaHHOM Ha HaydHbIX (akrtax. OTBeT
OKOHYATEJIbHO MPOSICHUTCS Oy NyIuMU MUccusiMu Ha Benepy.

[Tocnennue uccnenoBaHus

UccnenoBanuss armocepsl Benepsl mokaszamu, 4YTro B HEH
NOJ/ICP)KUBACTCS TPUPOAHBIM OamaHc XUMHYECKUX OCHOBaHUU. B
aHanu3e NaHHbIX muccuu «Benepa», «lluonep-Benyc» m «Maremnan»
OBLTH OOHAPYKEHBI CEPOBOJOPOJ U JUOKCHU]] CEPBI, a TAKKE, B BEPXHUX
ciosx armocdepsl, kapooHmbHBIA cynbhun (OCS). IlepBeie aBa u3
HUX — Ta3bl, KOTOPbIE PEarupyroT APYr C IPYyroM, 3TO O3HAYAET, YTO
YTO-TO JOJDKHO SIBIATHCA UX HMCTOYHUKOM mnonoiHeHus. Kpome Toro,
Cepoyriiepol HAaXOAUTCS B 3HAYUTEIbHBIX KOJIUUYECTBAX, YTO 3aTPYIHSLIO
OBl MPOU3BOJICTBO HEOpranuyeckux BemecTB. Ha 3emiie 3To coequHenue
OyJIeT CUUTAThCS «BEPHBIM MPU3HAKOM KU3HMY». TaKkxke ecTh ouH (akT,
KOTOpBI YacTO YIyCKaeTcsi M3 BUIY, YTO OJHA W3 IMEPBbIX CTaHIIMMA
«Benepa» oOHapyxuia OONbIIOE KOJIMYECTBO XJIOpa MOJ OOJauHBIM
MOKPOBOM.

bbuto mpeamnonoxkeHo, 4To0 MUKPOOBI, €CIH TaKOBBIE MMEIOTCS,
MOrJIM OBl UCHOJB30BaTh yibTpaduoseroBoe uznydeHue CoiHIa, Kak
UCTOYHUK DHEPTHH, KOTOPHIE MOTYT OBITH OOBSICHEHHUEM HAOIIOAAEMBIX
TEMHBIX JTUHUHN Ha GoTorpadusax TIaHeThl clieJaHHbIX B Y @-auamna3oHe.
KpynHbie yacTuibl U Hecepuueckrue obiaka ObLIH TaKKe 0OHAPYKEHBI
y KPOMKH 00J1a4HOT0 MOKpoBa. VX cocTtaB 0cTaéTcs HEBBISICHEHHBIM.

Hecmotpss Ha emuHOmymMe B OTHOIICHUU BPaXICOHOCTH
HBIHEITHUX ycJIOBUI Ha BeHepe 11s1 BOSHUKHOBEHMS UM MO KAHUS

KU3HU, B TIOCICTHUE TOABl OBUIM TPEUIOKECHBI JBE THIIOTE3HI,
Kacarolluecs: BApUaHTOB CYLIECTBOBAHMS KU3HU Ha Benepe.
Cy1iecTBOBaHUE )KM3HU HA BRICOKHX CJIOSIX 00JIAKOB
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Actividad volcanica
[TapuukoBsiit 23 dexT Ha Benepe.

HekoTtopeie yu€Hble mNpeanonaraoT MNPUCYTCTBHE HEKOTOPHIX
¢dopm xu3HU B oOnakax BeHnepsl mogoOHO OGakTepusiM, KOTOpbIE OBbLIH
oOHapykeHbl B oOyakax Ha 3emiie. MUKpoObl B IIJIOTHOW, OOJIAYHOM
atMocepe MOTYT OBITH 3alIUIIEHBI OT COJHEYHOTO H3IYYCHHUS
COEIMHEHUSIMU CEPBI B BO3TyXE.

B pesynprare aHanm3a JIaHHBIX, [OJYYCHHBIX 30HJAMU
«Benepa», «lluonep—Benepa» u «Maremnan», B BEPXHHX CIIOSAX
atMochepsl o0HapyxkeHbl cepoBogopon (H2S) u cepuuctsiii ra3z (SO2), a
Ttake cynbpun kapoonmna (O=C=S). IlepBbie nBa raza BCTYNalOT B
peaKuio apyr ¢ APYroM, a 3TO O3HAYaeT, YTO JOJKEH CYIECTBOBATH
MMOCTOSIHHBIM HMCTOYHHUK OTUX Ta30B. Kpome Toro, kapOOHUIIBHBIN
Cynb(huI MpUMeUYaTelieH TeM, YTO €ro TPYIHO BOCIPOM3BECTH TOJIEKO
HeopranuueckuM nyTéM. OH mnpou3BoaAMTCA 3a CUET 3(P(PEKTUBHBIX
KaTaJIM3aTopoB, TpeOyrommx O0NbIUX O00BEMOB BEIIECTB PA3HOTO
XUMHUYECKOro cocraBa. Ha 3emiie TakoBbIMU KaTaau3aTOpaMU SIBISIFOTCS
MUKpoOpranu3Mbel. KpoMe Toro, 4acto ymyckaeTcss w3 BUAY TOT (hakT,
YTO CIyCcKaeMblil anmapaTt «Benepa-12» oOHapy ui MPUCYTCTBUE XJIOpa
Ha BeICOTax 45—60 kM, a a’pocrarHeie 30HIBI «Bera-1 u -2»
MOATBEPAWSIM  3TO.  bBBUIO  BBICKA3aHO  MPENINOJIOKEHHE,  UTO
MUKPOOPTaHU3MBI Ha TOM YpOBHE MOTYT MOTJIOIATh
ynbTpaduoneroBsii cBeT CoHIIA, UCIIONIB3YS €r0 B KaYeCTBE HCTOYHHKA
SHEPTrUU. DTO MOTJIO OBl SBIATHCS OOBSICHEHHEM TEMHBIX IISITEH,




BUJUMBIX Ha YIbTPA(QHOIETOBBIX H300pKEHUSX IUIAHETHL. bobioe,
Hec(hepruueckoe 00JaKo YacTHI[ ObUIO TaKXKe OOHAPYKEHO B CIIOSX
obnakoB. MX cocTaB MoOKa HEW3BECTCH. BBIIO Takke OTMEYEHO, YTO
atMocdepa comepxkut Mano CO, HECMOTpss Ha MHTCHCHUBHOCThH CBETA,
MaJaloIEro COJHEYHOTO M3TyYeHUs] U MapHUKOBOM cuiibl. Jlo cux mop
Hen3BecTHO, mouemy CO npepamiaercs B COz.

B 2002 roxy na EBpomneiickoii koH(epeHIUH 10 acCTPOOUOTIOTHH
B ['pane nBoe yu€nwix, [Hupk Ilynsue-Makym wu Jlyn HWpBuH,
MPEIMONIOKUIN HalWyue B oOiakax BeHephl XMMHUYECKHX BEUIECTB,
KOTOpBIE MOTYT OBITh PE3yJIbTaTOM JIEATEIbHOCTH JKUBBIX OPraHU3MOB.

OparM U3 OOBSCHEHHWH JTOMY SIBIISIETCS CYIIECTBOBAaHUE B
obymakax MHUKPOOHOH (OpMBI KM3HU (IKCTPEMOUIBI  apXEUCKOM
CTPYKTYpBI) ¢ METabOIM3MOM, IMOJHOCTHIO OTIUYAIOIIUMCS OT BCETO,
gyro MbI 3HaeM Ha 3emie, Ha ocHoBe CO m SO2. Kak »3T0 MOrimo
npouzoitu? ['mmoresa, koropas nomycrtuiaa Obl pa3BUTHE HTOH KU3HH,
00BSCHSET, YTO B MaN€KOM IMPOIJIOM Temreparypa Ha Benepe Obura
ropazgo Oonee Hu3zkod. W3 Momeneil »BomonuH 3BE3A  MOMKHO
paccuuTaTh, 4YTO B TMepBble MOMEHTHl kH3HH Ha 3emie ComHie
ucnyckaino 70 % cerogHsIIHEN dHEPruu U TeMIleparypa paBHOBECHS Ha
3emute Obuta —41°C. Co BpemeneM CoJTHIIE CTAaHOBUIIOCH 00JIEE TOPSIHM.
TakuM 00pa3oM TPEACTABISACTCS BO3MOXHBIM, YYUTHIBAas HAIlU
CETOAHSIIHME 3HAHUS, HAJIWYUE JUIUTEIBHOrO TMepuojaa OoJbIInX
OKEaHOB, IJIe¢ MOIJIa BO3HUKHYThH XU3Hb. Korna conHedyHass akTUBHOCTh
Hayaja yBEJIMYMBAThCS, TIOCTENEHHO BcE Oonblle TeIa CcTajio
MPOHUKATh B aTMOocdepy BeHepsl, He 3alUIIEHHYI0 MATHUTHBIM TIOJIEM.
Bo3zaeiictBue BHIOPOCOB OBIIIO OBl OYEHB CHIJIBHBIM, HO, BO3MOXKHO, BCE
MPOUCXOJMIO JOCTAaTOYHO MENJICHHO, YTOOBI TIO3BOJUTH JPEBHHUM
dbopmam KU3HU TPUCTIOCOOUTHCS.

Emé omnoit mpobmemoil cuuTasioch TO, 4yTO Ha BeHepe Her
HHYETO0 IMOXOXKEr0 Ha O30HOBEIM CJIOM, YTOOBI OCTAHOBUTH OIACHBIN
notok Y® nyderr ot ConHma. YTOOBI 3alIUTUTHCS OT HETO, JKUBBIC
OpraHW3Mbl JIOJDKHBI OBITh amantupoBaHbl. OmgHako B 2011 rTomy
030HOBBIH c110i1 Ha BeHepe ObuT OOHAPYKEH: OH PACIIOIOKEH Ha BHICOTE
okoj0 100 KHJIOMETpOB.

SIcHO, 4TO d5Ta TEOpUs OCTAETCSA [OKA3aHHOM HE LIEIUKOM.
byaymue muccun Ha BeHepy cMoryT moATBEpAUTH WM ONPOBEPTHYTH
3Ty TEOPHUIO.

Cy1iecTBOBaHUE KU3HU HAa TOBEPXHOCTHU

B suBape 2012 rona o BO3MOKHOM HAJIMYUM KUBBIX CYIIECTB Ha
MOBEPXHOCTU BeHephl 3as1BUIT TIIaBHBIN Hay4YHbIH COTpyAHUK MHCTUTYTA
kocmuueckux uccienosanuii PAH JI B. Kcandomanutun. Bo Bpems
W3y4YEeHUs AAHHBIX, MEPEJaHHbIX COBETCKUMH ammaparamu B 1970-e u
1980-e rompl, ero BHUMaHHWE TMPHUBICKIH JEBATH (oTorpadmii,
nojgydyeHHele anmapatamMu Benepa-13 u  Benepa-14. Ha Hux
MPUCYTCTBYIOT HEKHE OOBEKTHI, KOTOpPbIC MOSIBISIOTCS M HCUE3AIOT Ha
CepUr TMOCIIEOBATEIbHBIX CHUMKOB. Cpeau HHUX: «IUCK», «UYEPHBIN
JIOCKYT» U «CKOpIHOH». K mpumepy, 00beKT «CKOPIHOHY MOSBISETCS HA
¢dotorpadun crycts 90 MUHYT MOCJe BKIIOUCHUS KaMepbl U depes 26
MUHYT HCUYE3aeT, OCTABUB IOCIIe ce0sl KaHaBKY B rpyHTe. Kcanpomanutu
CUMTAET, YTO BO BpeMs IMOCAIKW, MOAYJb CO3[al CHJIbHBIA IIyM U
«oburtaTenu» MOKUHYJIM MECTO IMOCAIKH, a CIyCTS HEKOTOpPOE BpeMms,
KOTJla BCE€ YTUXJIO, OHU BEPHYJIHUCh. DTHUM OH OOBsACHSET 90-MUHYTHYIO
3allepKy B ToOsiBIeHHU. B ciemyromeit myOnukanuu Kcandomamutu
MPUBOAUT  PE3yNbTaThl  O00pabOTKH  (HOTOCHHUMKOB, TOJYYCHHBIX
annapatoM Benepa-9, u Ha HUX TaKXke HaAXOIUT IOJ03PUTEIbHBIC
OOBEKThI, THUMOTETHYECKH  OTOXKAECTBISEMblE KM C  SKMBBIMHU
OpraHu3MamM¥ HHOH, ueM Ha 3emiie, (POpMBbI KU3HH.

['mnoresa  Kcandomanutu  BbI3BaJla  JUCKYCCHIO  CPEIu
cneuuanuctos. [IpencraBurenn HACA 3asBunu, 4To «1uck» Ha (HOTo —
3TO OTBAIMBILASACA MPH IOCAAKE KpPBIIIKAa OT OOBEKTHBAa, a Jpyrue
OOBEKTHI — 3TO BCETO JIHIIb IIyMbI, YCUJICHHBIE TIPU KOIMUPOBAHUH W
yBeIMYeHUH cHUMKA. Emé onun wuccnepoBatens, Jlon Mutyen,
o0bsicHAeT oTMeueHHble KcaHpoManutu aHOManuu Kak apTedakThl
CUCTEMBI TelIeMeTpUH U 3(PPEKTHl OT U3MEHEHUS OCBEILLEHUS C TeUEHUEM
Bpemenu. C apyroit cropoHsl, mybnukanuu Kcandomanutu momyduian
MOJIOKUTEJIbHBIE OT3BIBBI OT CO3ZJaTeieil TeNeMETPUYECKOW CHUCTEMBI
annapatoB «Benepa» A. C. CenuBanoBa um 0. M. T'ekuna u or
CrieruagnucTa no Mojekyisipaon o6uonoruu A. C. CriupuHa.

E.JIyna.
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OJIBIIMHCTBO ~ y4YEHBIX cyuTatoT JlyHy aOcomoTHO  “MepTBOM”
(oTcyrcTBHE aTMocdepbl, pa3TUYHBIE H3IY4YCHHS, HE BCTpPEYAIOIINE
OPEemsITCTBUS HA MyTH K TOBEPXHOCTH, OOJbIIME  IEepernajbl
TeMrneparypsl u T. A.). OMHAaKO HEKOTOpble (OPMBI MOTYT XUTh B TEHU
KpaTepoB, OCOOCHHO €CIIM, KaK MOKAa3bIBAIOT MOCIEAHNE HAOIIOACHUS U
MCCJIEIOBAHMS, TaM BCE €Ill€ MPOTEKAET ByJIKAaHUYECKasl JEATEIbHOCTH C
BBIJICJICHUEM TEIlIa, Fa30B U BOJSHBIX MMApoB. BIionHe BO3MOXKHO, 4TO,
ecnu ku3HU Ha JIyHe HeT, TO OHa MOXET OBITh YK€ 3apakeHa 3eMHOU
JKU3HBIO TIOCI€ TMPUIYHEHUS Ha HEM KOCMHYECKHMX anmnaparoB |
Kopabieil W, BO3MOXXHO, METCOPHUTAMH, €CIU OHU MOTYT SIBUTHCS
MIEPEHOCUNKAMU KU3HH.

9.IToucku miaaetr BHe COJTHEYHOM CHCTEMBI.

A.lIloHsiTHE 3K30IIAHETA.

Ok3omiaanéra (op.rpead e€®, €X0—  BHE,  CHApYXH),
WM BHECOJIHEYHAsl IJIAaHeTa — TUIaHeTa, OO0pamaromasics BOKPYT
3Be34bl 3a mpenenaMu CosiHEUHOW cucTtembl. [lmaHeTsl ype3BbIYAHHO
MaJibl U TYCKJIbI [0 CPAaBHEHUIO CO 3BE3/1aMH, a CaMU 3BE3/bI HAXOMASTCS
nanexo ot Connna (OmKkanias — Ha pacCTOosTHUU 4,22 CBETOBBIX T'0J1a).
[ToaTomy nmonroe BpeMs 3amada OOHApYKEHHUS IUTAHET BO3JE APYTUX
3BE311 ObLIa HEpa3peuIuMO, MepBhIe SK30IIJIaHEThI OBLITH OOHAPYIKEHHI B
koHue 1980-x romoB. Ceiluac Takue IUIAHETHI CTalIM OTKPBIBATh
Omarofiaps yCOBEpPILIEHCTBOBAaHHBIM HAay4YHBIM METOJaM, 3a4acTylo Ha
IIpezeIie UX BO3MOKHOCTEH.

Ha 9 Hos6ps 2014 roma JOCTOBEpHO TMOATBEPKICHO
cymectBoBanue 1849 nsk3ommaner B 1160 muiaHeTHBIX cHCTeMax, W3
KOTOpHIX B 471 numeercs O6osee ogHoM miaHeThl. CeayeT OTMETUTD, YTO
KOJIMYECTBO HAA&KHBIX KaHIUAATOB B OK30IUIAHETHl 3HAYUTEIHHO
oompiie. Tak, mo nmpoekty «Kemnep» Ha maii 2013 roma uncnunoch 2740
KaHJAMJATOB, OJHAKO JUIsl TIOJY4YEHHUsl cTaryca MOATBEPKIEHHBIX
TpeOyeTcsl TMOBTOpHAsh pErucTpanusi TaKuX IUIaHET C TOMOIIBIO
Ha3eMHBIX TEJIECKOMOB.

OO01ee KOTUYECTBO AK30IUIAHET B TayakTuke Mieunsrii [IyTe B
HacTodlee Bpems coctasiseT oT 100 mwinapaoB, U3 KOTOPBIX ~ OT 5
10 20 MUUTHAPIOB, BO3MOXKHO, SIBISIIOTCS «3eMIICTIONOOHBIMIY. Takxe,
COTJIACHO TEKYIIUM OILIEHKaM, OKOJIO 34 MpOLIEHTOB COJIHLENOJOO0HBIX
3BE3]1 UMEIOT B 00MTaeMOM 30HE TIJIaHEThI, CPABHUMBIE C 3eMIIEN.

[Tonasnstomiee OOJIBIIMHCTBO OTKPBITBHIX 9K30IJIaHET
OOHapyeHO C HCIIOJIb30BAHUEM pA3JIMYHBIX HEMPSAMBIX METOJIUK
JICTCKTUPOBAaHUS, a HE BH3yallbHOTO HaOmOIeHUs. bBONBIIMHCTBO
M3BECTHBIX JK30IJIaHET — Ta30Bbleé THTaHThl U 0Oojiee MOXOIIT Ha
KOmurep, uwem ©Ha 3emmo. O4eBUAHO, 3TO  OOBICHICTCS
OTPAaHWYCHHOCTHIO  METOJIOB  OOHapy»eHus (Jierde  OOHapyKHUTh
KOPOTKOMNEPUOJUYHBIE MACCUBHBIE TIJIAHETHI).

HUctopust OTKpBHITHIA:



Dk3o0IU1aHeTa (Fa30Bblii TMTaHT) B MPEACTABICHUH XY J0KHUKA

['unorernyeckn CynIECTBYIOIIMM THUII SK30IUIAHET — IJIaHETa-
OKeaH C JByMsI CIIyTHUKaMU B IIPEJICTABICHUN XyJOKHUKA

Hctopuyeckn  mepBbIM  3asBICHHEM O  BO3MOXXHOCTH
CYLIECTBOBAHMS IUIAHETHOW CHUCTEMBl y JIpyrod 3Be3[bl OBLIO
coobuienne kanuraHa J[Dxeiikoba (Capt. W. S. Jacob), actponoma
Manpacckoit  obcepBaropun  (East India Company’s Madras
Observatory), caenannoe B 1855 roxy. B HéM coo0mianochk 0 «BBICOKOM
BEPOATHOCTH» CYIIECTBOBAHUS «IUIAHETAPHOTO Tela» B JIBOMHOM
cucreme 70 3meenocua. ITosxe, B 1890-x romax, actponom Tomac JIx.
Jx Cu u3 Yukarckoro yHuBepcuteTa 1 Boenno-Mopckast o0cepBaTopust
CIIIA noareBepaunu Hanuuue B cucteme 70 3MeeHOCHa HECBETSILErO
Tena (HEBUIMMOTO CIYTHHKA) C MIEpUOAOM oOpaiieHus B 36 JieT, OHaAKO
pacu€rsl @. P. MynpTOHaA OIIPOBEPraroT MOATBEPKICHUS, BBIIIOJIHEHHbIE
Cu, noka3piBasi HEYCTOMUYMBOCTH MOA00HON cuctembl. [losTomy Ha

naHHbplid MoMeHT (2014 rom) CymiecTBOBaHWE IUTAHETHOW CHCTEMBI Yy
3Be3b1 70 3MeeHoca He MPU3HAETCS HAYKOM.

[lepBbie TONBITKM HaWTU IJIaHEThl BHE COJNHEYHOM CHUCTEMBI
OBLIM CBS3aHBI C HAOJIOAEHUSIMH 3a IIOJIOKEHNEM ONM3KnuX 3BE31a. Emnié B
1916 rogy Dnyapa bapnapn oOHapyXuil KpacHYIO 3BE3J0YKY, KOTOpas
«OBICTpO» cMemianack 10 HeOy OTHOCUTENbHO JApPYyTUX 3BE3.
ActpoHombl HasBanu e€ Jlersimei 3Be3noil bapnapna. Oto onHa w3
OMmKalIMX K HaM 3BE3M, C MAacCOM B CEMb pa3 MEHbBIIE COJHEYHOM.
Ucxonst u3 3Toro, BiAusiHWE HAa HEE MOTEHUUAJBHBIX IUIAHET JIOJKHO
Ob10 OBITH 3aMeTHBIM. B Hauane 1960-x romoB Ilutep Ban ne Kamn
OOBSIBIJI, UTO OTKPBUT Y He€ cmyTHHK Maccoil ¢ FOmutep. Onnako JIx.
I'eittByn B 1973 romy ompenenwi, 4ro 3Be3na bapHapma aBuxercs 0e3
KoseOaHuil U, CJIeI0BaTEIbHO, MACCUBHBIX IIJIAHET HE UMEET.

B konne 1980-X romoB MHOTrM€ TpymIbl acCTPOHOMOB HadaJld
CHCTEMaTH4YecKoe M3MepeHue ckopocter Ommkaiimmx k ConHiyy 3BE3N,
Belsl CIEUUATbHBIA TMOMCK 3K30IUIAHET C IOMOIIBI0 BBICOKOTOYHBIX
CIEKTPOMETPOB.

BnepBrie BHecomHewHas IjIaHeTa Oblla HalaeHa KaHaamamu b.
Kommn6emnom, I'. Yonkepom u C. Slarom B 1988 romy y opaHxkeBOro
cyoruranta I amma ILlegpess A, HO moaTBepkneHa aumb B 2002 romy.B
1989 roay cBepxmaccuBHas IIaHeTa (WJIM KOPUYHEBBIA KapiHK) ObLia
Haiimena J[. Jlatramom oxomo 3Be3gpl HD 114762 A. Opnako eé
TUTAaHETHBIN cTaTyc ObUT MOATBEPKAEH TOIBKO B 1999 rony.

DK30IJIaHEThl 'y HeUTpoHHOW 3Be3nbl PSR 1257412 Obuin
obHapy>xeHbl B 1991 rony, ux oTKpbUT acTpoHOM Autekcanap BosnbiryaH.
OTu miaHeThl ObUIM MPHU3HAHBl BTOPUYHBIMH, BO3HUKIIMMHU YXKE IOCIE
B3PbIBA CBEPXHOBOM.

B 1995 roay acrpornomsl Mumens Maitop (Michel Mayor) u
Hunbe Kemno (anrm.)pycck. (Didier Queloz) ¢ moMompi0 CBEPXTOYHOTO
CHEKTpOMETpa OOHApY XMW TokaduBaHue 3Be3npl S51  Ileraca ¢
nepuoaoM 4,23 cyt. [1nanera, BbI3bIBatoNIas MOKauMBaHUsl, HATOMUHAET
IOnuTep, HO HAXOMUTCSA B HEMOCPEACTBEHHOW ONHM30CTH OT cBeTwia. B
cpele acTPOHOMOB IUTAHEThl ATOTO THUIA HA3BIBAIOT «TOPSUYUMHU
IOTIUTEPAMM.

B nmanpHelmeM nyTéM HM3MEpPEHHS JIy4€BOM CKOPOCTH 3BE3[ U
MOMCKAa UX TEPUOJUYECKOr0 JIOTNIEPOBCKOTO HM3MEHEHHUs (MeToA
Jlomnepa) ObU10 0OHAPYKEHO HECKOJIBKO COTEH IK30IIJIaHET.



B asrycre 2004 roma B cucreme 3Be3nbl | JKepTBeHHHKA Oblia
oOHapykeHa TmepBas IUIaHeTa—Topsunii HenTyH. OHa oOparmiaercs
BOKpYT cBeTwia 3a 9,55 cytok, Ha paccrosHuu 0,09 a. e., remneparypa
Ha oBepxHocTH ~ 900 K (+626 °C), macca ~ 14 macc 3emn.

IlepBasi cBepx3emuisi, oOpararomascs BOKPYT HOPMaJIbHOM
3Be3/bI (2 HE Mysbcapa), Obu1a oOHapykeHa B 2005 roay OKOJIO 3BE3]IbI
I'muze 876. E€é macca — 7,5 macc 3emiin.

B 2004 romy Obpul0O TONY4YeHO TIEpBOE€ H300pakeHHe (B
uH(ppaKpacHBIX Jydax) KaHAMJATa B OK30IUIAHETHl Y KOPUYHEBOTO
kapyuka 2M1207.

13 Hos16ps 2008 roma BHepBbIe yIAIOCh MOMYYUTh N300paskeHHe
cpa3y LEJOM IIJIJAaHETHOM CHUCTEMBl — CHUMOK TpEX  IUJIAHET,
oOpamatonuxcst BOkpyr 3Be3asl HR 8799 B cosezmuu Ileraca. Oto
nepBasi IJIaHEeTHAasi CUCTeMa, OTKPBITasl y Topsiueld 6esoil 3Be3/1b1 paHHETro
CHEeKTpabHOTO Kiacca (AS). Bece OTKpbIThIE paHee TUIaHETHBIE CHCTEMBI
(32 MCKJIIOYEHHWEM IUTAHET Yy MYyJIbCapoB) ObUTM OOHApPYKEHBI BOKPYT
3BE311 Oosiee mo3aHux Kiaaccos (F-M).

13 Hos6pst 2008 Toma Takke BIIEPBBIE YIAIOCh OOHAPYKUTH
wianety ®omanerayr b Bokpyr 3Be3nsl DoManbrayT MmyTEM MPsMBIX
HaOJIFO JEHUIA.

B 2011 romy /leBun bennerr u3z VYausepcurera Hotp-am
(MUaamnana, CIIIA) o6bsiBun Ha ocHOBe HaOmoaeHuit 2006—2007 romos
Ha 1,8-MeTpoBOM TelecKone YHHMBEPCUTETCKOW oOcepBaTopuu MayHT-
Jlxkon B HoBoit 3emanauu 00 OTKPBHITHM C TIOMOIIBIO METOJA
MHUKPOJIMH3UPOBaHUS 10 OAMHOYHBIX IOMUTEPOINOJOOHBIX 3K30IUIAHET.
[IpaBna, nBe M3 HUX MOTYT OBITH BBHICOKOOPOUTAIBHBIMH CIHYTHHKAMH
ONMMKANIIUX K HAM 3BE3I.

B centsa6pe 2011 roma ObutO OOBSABIEHO 00 OTKPBHITHH IBYX
sk3zomnaner KIC 10905746 b u KIC 6185331 b moburensimu
acTpOHOMHUHU B pamkax npoekta Planet Hunters, npennaznaueHHoro Juis
aHanmu3a JaHHBIX coOpaHHbBIX TeneckonoMm «Kemnep». Ilpu sTom
ynoMmuHanoch o 10 xkanaumarax B IJIAHETHI, HO HA TOT MOMEHT TOJBKO
JBA M3 HUX C JOCTaTOYHOH CTENEHBbIO YBEPEHHOCTHU ONPEACISUINCH
Y4EHBIMH Kak 3K3oruiaHeThl. [lnanersl Obuin HalZieHbl JOOPOBOJIBHBIMU
YYaCTHUKaMU TPOEKTa CPeIH NaHHBIX, KOTOpble NpodecCHOHATbHBIE
ACTPOHOMBI 110 TEM UJIM MHBIM IPUUUHAM OTCESUIH U €CJIU OBl HE TIOMOIIIb
JOOPOBOJIBIIEB, TO ATH TUIAHETHI BEPOSITHO OCTAIHCH OBl HEOTKPBITHIMH.

5 nexabpsa 2011 roga Tteneckonom Kemep Obima oOHapykeHa
nepBasi CBepx3emits B ooutaemoii 3oue — Kepler-22 b.

20 nexabps 2011 roga teneckornom Kermep y 3Be3ast Kertep-20
ObUTM OOHAapy’>KEHbI TEpBble SK30IUIAHEThl pa3MepoM C 3eMii0 U
menbiie — Kepler-20 e (paguycom 0,87 3emHoro u maccoii ot 0,39 1o
1,67 macc 3emmn) u Kepler-20 f (0,045 maccer FOnurepa u 1,03 paguyca
3emin).

22 despans 2012 roga yuénsie u3 ['apBapa-CMUTCOHOBCKOTO
[eHTpa acTpodu3uku Ha paccTosHud 40 CBETOBBIX JIET OT 3eMIH
OTKPBUIM TEPBYIO dK30mutaHety u3 Boasl — GJ 1214 b. Ilepuon
oOpalleHus MJIaHEeThl BOKPYT 3BE3/bl — KPACHOTO Kapiuka — 38 4acos,
paccTosiHue COCTaBIISET OKOJIO 2 MIJITMOHOB KHJIOMETpoB. Temieparypa
Ha IOBEPXHOCTU IIIAHETHI cocTaBisieT npumepHo 230 °C .Ok3omuaHeT
MHOKECTBO M Y4€HbIE JIESAT UX Ha OTAeNbHBbIE Kiacchl. PaccmoTpum Te
W3 HUX HAa KOTOPBIX BO3MOXXHO CYIIECTBOBAHHE XOTS OBl MPUMHUTHBHBIX
($hopM BHE3EMHOM KU3HM.

B.Ilnaners! kiaacca CBepx3emis.

Caepx3eMJii — KJacC IUIaHET, Macca KOTOPBIX IMPEBBILIAET
Maccy 3eMiIM, HO 3HAUUTEIhbHO MEHBIIE MAacCChl Ta30BBIX THUTAHTOB.
OObIYHO TOJ CBEpX3eMJIEN MOHMMAIOT KaMEHHYIO IUIaHETy 3€MHOIO
tumna (¢ maccoit 1-10 macc 3emnn), COCTOSIIYIO U3 KAMEHHBIX MOPOJ U
Mo CTpoeHuo cxogHou ¢ 3emnéi. Ilnaner storo tuna B CoJHEUHOU
cucreme HeT. [lmaHeTsl 3TOro THMa OBUTM OOHAPYKEHBI CPABHUTEIHHO
HEJaBHO B JPYTHX 3BE3AHBIX CHCTEMAX.

N3o0paxeHne JABYX TUINOTETUYECKUX CyINep3eMenb IpH
CpPaBHEHUU MOCJIEIHUX C 3eMIIEN

[lepBass rmanera »JTOrOo THUMA ObUIa OOHApYyXeHAa BO3JIE
nynscapa PSR B1257+128 1991 r., 3T0 OIHOBpPEMEHHO U TMEpPBHIC
OTKpBIThIE AK30IUIAaHETHl B HUCTOpHH. J[Be muaHeTsl, oOpararomuecs
BOKPYT HEUTPOHHOMN 3BE3/bI, IMETU Maccy B 4 MaccChl 3eMJIH, YTO SIBHO
OBLJIO CITUIITKOM MaJIo JIJIsl TOTO, YTOOBI OBITHh TA30BHIMU THTAaHTAMH.



Kaxxapiii ToJ1 OTKPBIBAIOTCS HOBBIE TUIAHETHI KJIacCa CBEPX3EMIIS
n ecimu CBepx3eMysi OKaXeTcss B oOMTaeMOM 30HE, TO €CTh Ha e
MOBEPXHOCTH HAWAETCS JKUIKAs BOJA, OHA OyNeT JOBOJBHO MOXOXkKa Ha
3eMJ1i0 0 MHOTUM JApYyTruM napamerpam. U1 Gonee Toro, BO3MOKHO, YTO
UL TIOAJepKaHus oku3HM  Takue CBepx3zemum  Kyga — Oonee
MPUCTIOCOOJICHBI, YeM JaXKe Hallla COOCTBEHHAs TUIaHEeTa.

Tak cuutaer Jumutap CaccenoB (Dimitar Sasselov), actpoHOM
u3 [MapBapna, onuH U3 rpynnbl yU4€HBIX, BIEPBbIE COCTABUBIICH MOEINb
TaKUX IUJIAHET, OMHUCABIICH MX PAaCUYETHYIO CTPYKTYpPY, Z1a COOCTBEHHO
U peokuBIyr0 cam tepmuH super-Earth. IIpodeccop CaccenoB —
rJlaBa MEXIUCIMIUIMHAPHOTO TapBapjckoro mpoekra Origins of Life
Initiative, Hag KOTOPBIM pabOTAIOT KaK acTPOPU3MKUA U KOCMOJIOTH, TaK
U XUMUKH, OWOJIOTH, TPEJACTaBUTENN APYyrux oOmacreil Hayku. Llemp —
pa3zo0paThCsl C POKICHUEM M SBOJIIOIMEH IJIaHET U 3aKOHOMEPHOCTSIMU
MOSIBJICHUS KM3HU Ha HUX,JICKAIINe B MPUTOJAHON IS JKU3HU 30HE,
TOYHEE — Ha caMbIX e€ rpaHuIax

[Tapamerpsr CBepx3eMenb HE Ha MHOTO OTJIMYAIOTCS OT HAIIHX.

[To nuameTpy OHM HaxOAATCA MPUMEPHO B IUamna3zoHe oT 1 1o 2
TUAMETPOB HAIEro poAHOro jaoma. Cuila TSHKECTH Ha TIOBEPXHOCTH
Oosbile, OOHAKO HE HamMHOro — 1o Tpéx pa3. C Tpynom, HO 3TO
BBIICP)KUT JTaXKE€ YEIIOBEK, HE TOBOPS YK 00 OpraHu3Max, pOJIUBIIUXCS
Y 3BOJIIOLIMOHUPOBABIINX B TAKOM MHpE.

Bonpmiass rpaBuranus o3Hawaer, uro CBepxzemiie Jjerde
yAepKaTh TUIOTHYIO aTMocdepy W TaKoW pa3pekeHHOW, kak Ha Mapce,
«BO3AYHIHOW» 00010uKku y Cymnep3eMin He OyIeT.

3aro y CBepx3eMiM [0JKHA OBbITh MOIIHAs TEKTOHHKA ILIUT,
CWJIbHEE, YeM Ja)Ke 3eMHas. A TEKTOHHKA IUINT, K MPUMEPY, OKa3bIBACT
KOJIOCCAJIbHOE BIUSHUE Ha TeMIlepaTrypy IUIaHeThl, a 3Ha4uT, M Ha
KITUMaT. XOTS COMPOBOXKIAIOIIUN JIBIDKEHHE MAaTEPUKOB BYJIKAHU3M,
K [IpUMepy, MPUBOJUT MHOT/A K KaTacTPO(PHUECKUM MOCIEACTBUAM, 0e3
TEKTOHMKM BOBCE JKH3Hb HE MOIJIa Obl pa3BUBATHCS, TOCKOIBKY
HEOOXOAUMBIN J1st He€ yraepo ] ObUT Obl MTOXOPOHEH B HEAPAX IUIAHETHI.
A 6e3 sTOrO ZNEMeHTa (TouHee, 0€3 €ro COeAMHEHUS — YTJIEKUCIIOTO
raza) He OyneT (OTOCHMHTE3a — DSHEPreTHYECKOW OCHOBBI JJISI BCEH
MUIIEBON 1IenH OuocQepsl.

Uro kacaeTcst yclIOBUH HEOOXOAMMBIX [Isl BOSHUKHOBEHUS U
OOUTaHUsI KUBBIX OPTraHU3MOB, TO TYT MHOTOE 3aBHCUT HE TOJBKO OT
OJIN30CTH K 3B€3/I€ M OT €€ CHEKTPAIbHOTO THUIA, HO U OT JOCTaBIIEroCs

IIaHeTe Habopa BemiecTB. B 3TOM IutaHe acTpoHOMaM emi€ TOJBKO
MPEeICTOUT  HM3yuyeHUuEe YK€  OTKpBITRIX  MupoB  (CBepx3emelnb
(umumroctpanus ¢ caiita wikipedia.org).

B o6mem, BeIXxoauT, 4TO MO PpsAAy mapamerpoB CBepx3emin
MOTYT OKa3aThCsl ISl )KU3HU J1aKe MUJIee Haliero Mupa. TyT, BIpodem,
CYIIECTBYET Macca HEUCCIICIOBAaHHBIX €IlI€ TOHKOCTEW. Tak, B OAHOM
Hay4HOU paboTe oOpalieHo BHUMaHUE Ha jkene3Hoe sapo CBepx3eMenb,
BepHEe, Ha TOT (haKT, YTO HE BCE TaKHME MUPBI MOTJIA Obl 003aBECTHCH
OHBIM. A SIIpO T€HEpHUPYeT 3alIMTHOE MArHUTHOE TMoJje, 0e3 KOTOPOro
KU3HU Ha MOBEPXHOCTH IJIAHEThl MPAaKTHUYECKU HE BO3MOXKHA. Bepcus
o OmaronpusTHeIX CBepx3eMisIX — KpacWBa W JOTUYHA. M oHa MOXeT
00BsicHUTH Mapagokc depmMu — moyemy, €ClId YUCIO MPUTOIHBIX IS
KU3HU MHPOB U BIIPABJly OYEHb BEJIMKO, Mbl IOKA HE JOXKIAIUCH
KOHTaKTa?

Ecnmm  ppyrme  muBuinmszaumu B ['anakTuke — pa3BUBAIHMCH
npenuMyniecTBeHHO Ha CBepx3emiiixX, a HE Ha IUIaHeTaxX C TaKou xke
MacCoOM, KakK y Halled, TO 3TU IUBWIN3AIUH, YTO JIOTHYHO, UCKAIU ObI
OpaTheB IO pa3yMy Ha MHUpax, MOX0XHUX Ha CBOM.

CKkpoMHYI0 TIO BeCy 3eMJIt0, Ha KOTOPOM, KaK Mbl 3Ha€M, KU3HU
€/1Ba IU HE MPHUXOAWJ KOHel (TO OT MI0OAaNbHOrO OJEACHEHHUS, TO OT
yAapa acTepoujia U MOocIeAyommx 0e300pa3uii, NHOIUIAHETSIHE MPOCTO
HE paccMaTpUBAIOT KaK HaAEKHOTO KaHAM1aTa Ha 00OUTaeMOCTb.

Nmu  Bcé wmoxer ObiTh mpomie:  «CBepx3emiM — Hadaid
dbopmupoBatbcs B 'ajakTuke CpaBHUTENBHO HENABHO, U IOTOMY
HEMHOTUM TEXHUYECKUM IUBUIIM3AIMAM YIAIOCh BBIMTH B KOCMOCY», —
rogoputr CaccenoB. To ecTb mompocTy JIpyrue pasyMHble OOHUTaTeIH
Mneunoro IlyTu, ecnmu OHH €CTh, MOTYT OBITH CTOJIb K€ MOJIOJBI, KaK
1 Mbl caMd. U TOYHO Tak ke OHU emi€, ObITb MOXET, TOJIBKO pEelIaroT
3araaky — rie B [‘amakTuke caMble OJarompusSTHBIC YCIOBUS IS KU3HH
Y TI0OYeMY UM MOCUYACTIIMBUIIOCH POJIUTHCS MMEHHO Ha UX IUIaHe

OCHOBHbBIE HAJIEXKIbl YUEHBIE CBS3BIBAIOT C IJIAHETaMH,
oOpalaroIMMUC BOKPYT CBOETO 3aTyXarollero COJIHIA, MMOJYYHBILIErO
naszpanne Gliese 581. Onna u3 Hux Gliese 581 ¢ otkpsita B 2010 romy.
Ho Ha He#l BO3MOXKeH MapHUKOBBIM 3P EKT, BCICACTBHE KOTOPOTO
JJaHHAs IUJIaHETa MOYKET OKa3aThCs HECKOJIBKO IMEPErpeToi, HO 3aTo €€
cocenka o cucreme — OoJsee xomoaHas tianera Gliese 581 d — B cunmy
Toro xe 3¢¢exra MOXeT momajnaTh B obutaemyto 3oHy. Ilo3xe Obuia
otkpsiTa Tianetra OGLE-2005-BLG-390Lb Takxe mpuHaIIEKUT K ITOM



3BE3JHON CUCTEME, OTHOCSIIAACA K Kilaccy cBepx3emenb. OHa BCero B
5,5 pa3 Oonbmie Hame 3emyin 1O Macce (WX AWaMETphI, Oosee
6mm3kmn).OHa obpariaercs BOKpYT, 3a 13 nHei.

OGLE-2005-BLG-390Lb menbiie u xojmoguee Hamero CoJHIia,
MO3TOMY TeMIlepaTypa Ha IUJIaHETe MPUMEPHO COOTBETCTBYET 3E€MHOIA.
[Tpu »ToM oHa HaxoauTcs B 14 pa3 OimKe K CBOEMY CBETHITY, YeM 3eMIIs
k ConHiy.

"MpbI  moacuMTaNM, YTO CpPEAHSsA TeMIeparypa Ha 3TOM
"cBepx3zemiie” - mexay 0 u 40 rpagycamu no Llenscuro, mostomy Boja
MOJKET OBITh KMJIKOH, - TOBOPUT OJUH M3 aBTOPOB OTKphITUA Credan
Yapu wu3 JKeneBckoil obOcepBaropuu. - bomee Toro, ee pamuyc
COCTaBsieT MPUMEPHO TMONTOpa paauyca 3eMid, U Ha OCHOBE
MOJICTTMPOBAHUSL MBI MpEAToiaraeM, 4ro IUTaHeTa - JMO0 KaMEeHUCTas,
Kak 3emis, 1100 OHa MTOKPBITa OKeaHaMH .

"Boma B JXHUIKOM BHIE - 3TO OCHOBA KU3HU B HM3BECTHBLIX HaM
dopmax", - nobaBnser XaBbep Jendocce n3 ynusepcurera ['peHoOs.
[To MHEHHIO 3TOro JKcrepTa, OOHapy)KEHHas IUIaHETa MOXKET CTaTh
LEJIbI0 KOCMUUYECKUX SKCIEeIUIUN 110 TOUCKY BHE3EMHOM KU3HU.

ITpodeccop Maiikn boxe wu3 JluBepmynbcKOro yHHBEpPCHTETa
Jlxona Mypa, rmaBa nmpoekta RoboNet, ormeTni: «3To camas momooHas
3emie miuaHera BHe CONHEYHON CHCTEMBI, €CIId TOBOPUTH O Macce W
PacCTOSIHUU 0 POAUTENHCKOM 3BE3/IbI.

]
@ AstroMNews.ru

(IThanema OGLE-2005-BLG-390Lb, komopas
obpawaemcsi BOKpye KpAacHo20 Kapiukda.)

[Tnaneta HD 85512b crana emé OAHUM OTKPBITBIM MHPOM,
MNPUTOAHBIM JJIA JKU3HH.

B. «HD 85512 b — »k3omianera, oOpamiaromascs BOKPYT
OpaH>KEBOI0 KapJivKa B
co3pe3nuu Ilapyca.

[Mnanera HD 85512 b B mpencraBinennn Xy 105KHAKA

XapakTepuCTUKU

HD 85512 b naxomutcs B 36 cBeroBbix rojmax ot CounHIa.
[Inanera B 3,6 pa3 MaccuBHee 3eMJIM U SIBISETCS CaMOM MaJICHbKOW W3
OTKPBITBIX METOJIOM PaauaIbHO-IYYEBBIX CKOPOCTEH, a Takke BTOPOMU
OTKPBITOM TIJIAHETOW, Haxozsmieiicss B 30He oOutaHus. OTKphITHE
cnenano B asrycre 2011 roma c¢ momomsio crnekrporpada HARPS,
YCTaHOBJICHHOTO Ha 3,6-MeTpoBOM Tejeckore oocepBaTopun Jla-Cubs
B Yunu. PaBHOBecHas Temmeparypa MOBEPXHOCTH IJIAHETHI COCTABIISIET
okono 25°C mpu ampsbemo 0,3. B ciywae, ecnu TmiaHeTa HMEET
atMocdepy, TOIOOHYIO 3eMHOH, ¢ NapHUKOBBIM 3(pdekTom, TO
MPUMOBEPXHOCTHAsT Temmeparypa coctaBur 78 °C. Cuna TsHKecTH
minaHeTsl B 1,4 pa3a Bblllle 3€MHOHM, BENMKa BEPOSITHOCTb HATUUMS
KUJKON BOBI (B 3aBUCUMOCTH OT CBOWMCTB aTMOC(EphI TUTAHETHI).

Marepunckas 3Be3ga HD 85512 b ceerut cmabee Connia B 8
pa3, mpH 3TOM pACCTOSIHME OT IUIAHEThl 10 €€ 3Be3/bl COCTaBJISET
npumepHo 0.26 a.e.

[Tnagera cyuranach IOTEHIIMAIIEHO OOUTAEMOIA.

I'. Mejic3ge30nvie obumaemoie nianemal.



Mex3BE3THbIE 00MTAaeMbIe MUPBI B TIPEACTABICHUHN XYI0KHUKA

Kazanoce Obl, He BIUCHIBAETCS B PAMKU UCCIIEAOBAHUH HJiesl O )KU3HU Ha
IUIAHETaX-CKUTAJIbLAX, MOTEPSHHBIX CBOMMH 3BE3[JaMH; HO JaXe 3Ta
unes CEeroJHs o0cyxnaercs YUEHBIMU..
Peur ummer o TOM, 4YTO OJWMHOKHME IUJIAHETBI MOTYT «OpOAWUTEHY» B
MEX3Be31HOM npocTpaHcTBe. K mpumepy, He pa3 oOcyxkpaanack ujes,
COCTOSIIas B TOM, YTO 3HAUUTENIbHAsI 10JI CKPBITON (HEBUANMOI) Macchl
[NamakTukn Moria Obl OBITH 3aKIIOYEHA B MEK3BE3/JHBIX IUIAHETAX-
rurantax tuna lOnurepa. B 1999 rony amepukanckuii actponom JI3iiB
CTUBEHCOH NPEANON0XKUI, YTO MOMHUMO «IOIUTEPOB» B NPOCTPAHCTBE
MEXIy 3B€3laMH MOTYT BCTpeYaTbCcsl M IIJIAHETHl 3E€MHOI0 THIA.
CTUBEHCOH CYMTAET, YTO Ha 3ape cyiiecTBOBaHMUS COJHEYHOU CUCTEMBI
B HEW Morja ObITh JIOKMHA 3€MJICTIONOOHBIX TUIAHET, JABHXKYLIUXCS IO
BBITAHYTBIM OpOMTaMm, mepecekaromuM opouty IOmurtepa. ¥V Takux
TuIaHeT OBLIO JBa BapHaHTa 3BOJIONMHU: JTHUOO0 CTOIKHYThCS ¢ KOmurepom,
a100 MOCIe TECHOrO COMMKEHUSI ¢ HUM HaBcerja NoKuHyTh ColHEeYHyI0
cucremy. CoriacHo 3aKkoHaM HEOECHON MEXaHHMKH, BTOPOW BapHUaHT
OCYILECTBIISICA qale.
KakoBa xe cynpba mortepsHHBIX MiaHeT? CTHUBEHCOH CUUTAET, 4TO
IUTAaHETBI-CKUTAJIbIIBI BIIOJIHE MOTYT ObITh oOuTaeMbiMH. K MomeHTy
BBIJICTAa U3 CBOCW CHCTEMBI Takas IUIaHETa MOIJIa MpUOOPECTH IIIOTHYIO
aTMoc(epy U3 MOJIEKYJSIPHOTO BOJOPOJA, CHOCOOHYIO COXpaHSTh e€e
BHYTPEHHEE TEIUIO, BBIACIAIOLIEECS INPU pacnane paguoaKTHBHBIX
3JIEMEHTOB, U NOAJEPKUBATH HA IOBEPXHOCTH TEMIIEpaTypy M JIaBlIEHUE,
JOIIYCKAIOIIUE CYLIECTBOBAHME XUAKOW BOJBI, a IIE €CTh BOJAA, Tam
BO3MOXHa MU kHU3Hb. KOHEUHO, peub MOXKET UATH TOJBKO O Hauboiee
NPUMUTHBHBIX (hOpMax KU3HH.

I'pynna amepuKaHCKUX Yy4Y€HBIX M3 YyHuUBepcutera Ywukaro
[oJlaraeT, YTO IJIAHEThl, BBHIOPOIICHHbIE M3 IJIAHETHOW CHUCTEMBI B
MEK3BE3/IHOE MPOCTPAHCTBO CBOMMH 00JIe€ MACCUBHBIMU COOpPAaThsIMH,

MOTYT €l J0JIT0€ BpEeMsl OCTaBaThbCAd MPUTOAHBIMU I SKU3HHU.
ABTOpel mccnenoBanus, [Jopuan 206060t m Dpux IlBuTnep pemmmmm
BBISCHUTH, MOXET JIM Ha TaKOW IIJIaHETe, JIMIICHHONH BHEIIHHMX
WCTOYHMKOB TeIJa MW CBETa, BCE-TAaKM COXPAHUTHCA  JKU3Hb.
['maBHBIM KpHUTEpUEM BO3MOXKHOCTH JKU3HH Ha IIJIAaHETE CUYUTACTCA
HaJu4Yhue Ha €€ TIOBEPXHOCTH BOJBI B JKHUJIKOM COCTOSIHUH.
C npyroii cTOpOHBI, XOPOIIO U3BECTHA THIOTE3a, TIACAILas, YTO KUIKAS
BOJIa MOKET COXPAHATHCS B OK€aHAX IUIAHET ITOJ] TOJICTBIM CJIOEM JIbja 1
OCSIIOM METaHOBOM aTMochepsl HaJ HHM.
D660t u IlIBuTHEp pemUIN BBIACHUTH, MOXKET JIM TIOJOOHBIA OKEeaH
CYIIIECTBOBAaTh Ha IUIAHETE-U3r0oe, W KaKOW [OJDKHA OBITh IUIAHETa,
cocoOHass  COXpaHUTh ero 0e3 TpPUTOKAa JSHEPTHMH  HW3BHE.
Jlyiss pacdeToB OHM B3SJIM THUIIOTETHYECKOE HEOECHOE TeNo, CXOTHOE C
3emMJyiel 0 BEJIMYMHE U 1O COCTaBy. EMMHCTBEHHBIM UCTOUYHHKOM TEILIa
JUISS HETO MOXET OBbITh pacmhaja TSDKENBIX JJEMEHTOB B €€ MaHTHUH.
[ToTox Temya Ha MOBEPXHOCTH TAKOW IUIAHETHI, COTJACHO pacyeTam,
noikeH coctaButh 0,087 Barra Ha kBaapatHbli  MeTp. Cpoku
rmostypacrnaja TOpHUs M ypaHa MOTYT 00€CIeUUTh CYIIeCTBOBAHHE TaKOTO
OKe€aHa B Te€4eHHME cpoka oT | no 5 mwmapnos jer. Macca IIaHeThI-
M3TOsi TPH OTOM JOJDKHA COCTaBsATH Oojee 3,5 Macchl 3emiu.
Opnako eciu J0Jisl BOJBI B Macce TUIaHEThI OYJIeT OYeHb BBHICOKA, U OHA
Oymer oOnagaTh MOIIHOW aTMOC(epoil, ee Macca MOXET PaBHATHCS
JIMIIb OKOJIO 0,3 3eMHOM MAaccChlI.
CornacHo noacyeTaM y4eHbIX, Takas riaHera-CTenHoN BOJIK, Ha3BaHHAS
aBTOpPAMH B YECTh Teposi OJHOMMEHHOTO pomaHa ['epmana ['ecce, moxer
OBITH 3aMeUeHa ¢ 3eMJIU C TIOMOIIBIO CYIIECTBYIOMUX TEXHOJIOTHH, €CITH
OHa MOsIBUTCS Ha paccTostHuu MeHee 1000 acTpOHOMUYECKHUX €IMHUIL
158117 0,01 CBETOBBIX JIeT oT 3emin.
"Ecnu xuBBIE OPraHU3Mbl MOTYT BOSHHKHYTh M CYIIECTBOBATh HA TaKOH
IJIAaHETE, TO KU3Hb JCHUCTBUTENBHO Be3lecylia Bo Beenennoi", - mumryt
aBTOPHI CTAThH.

J.AHCTPpYMEHT M3y4eHH sl IK30IJIAHET

Hazemnurie oOcepBatopuu Benymiue HaOmtoneHUE TPaH3UTHBIM
METOJIOM

. SuperWASP — camblii ycrnemHblii Ha3eMHBIH 0030p.
bonee 70 »K30IUIaHET HAWAEHHBIX TPaH3UTHBIM MeTogoM Ha 2012.
Coctour m3 2-x oOcepBaropuii: SuperWASP-North B oGcepBaropuu
Poke ne moc Myuauoc Ha octpoBe Ilambma (Kanapckue octpoBa) u



SuperWASP-South, Haxonsuencs B HOxHoappukanckoi
acTpoHOMUYecKord  oOcepBatopum). Kaxmgas  coctout w3 8
IMPOKOYTOJbHBIX aBTOMAaTUYECKHUX TEJIECKONOB ¢ aneptypor 111 mm.

. ITpoekt HATNet — cetb 6 aBTOMaTHYECKUX TEJIECKOMOB
C IIMPOKUM TOJieM 3peHus, 4 U3 KOTOPBIX pPAacIoJIOKEHO Ha
obcepBaropun um. @pena Jloyperca B Apu3oHe, a 2 — Ha TEPPUTOPUHU
CMuTCOHOBCKOH  acTpodusmueckoil  oOceparopun Ha  ['aBaiisx.
OTtkpeiTo 33 3K301IaHeThI (Ha Havyawo 2012)

Benymue  HabnromeHwe  METOAOM  JIy4eBBIX  CKOPOCTEH
(ToTIIIEpOBCKUM)
. HARPS — BBICOKOTOYHBIN crnekrporpadg,

ycraHoBieHHbi B 2002 romy Ha 3,6-METpOBOM TEIECKOmNe B
obcepBaropun Jla-Cunbst B Uwmnu. HaOmronmenue Benércss MeToioM
ny4deBbIx ckopocteil. Hacts ESO

. Ob6cepBaropusi  Keka—  obGcepBaropuss u3  2-X
KPYIMHEHUIINX B MHpE 3€pKaJbHBIX TEeCKOMOB. J(mameTp MepBUYHBIX
3epKall (BCEro MX TPH, B KaXJOM U3 TEJIECKONOB) KOTOPBIX COCTABISAET
10 meTpoB.

AcTpoHOMHUYeCKHE CIYTHUKH

COROT (EKA) — crnennanu3upoBanHblii 30-CaHTHMETPOBBIT
OpOUTANBHBI KOCMHYECKHH TEJIEeCKOIl, CHUMAIOIIMKA KpHUBBIE OJecka
MHOTHUX 3BE3]] B MOMEHT NPOXOXKJIEHHUS Mepel] HUMHU IUIaHeT. 3amylieH
27 nexabpst 2006 rona. Ilpeamonaranock ¢ €ro MOMOIIbIO OOHAPYKUTh
necatku 1aHer 3emHoro tuma. K mapty 2010 roma COROT otkpeun
CEMb JK30IUIAHET U OJNH KOPUUHEBBIA KapJIuK.

«Kemnepy» (HACA)— KOCMHUYECKHH  TEJIECKON  CHCTEMBI
HImuara ¢ gumamerpom 3epkana 0,95 M, CrOCOOHBIM OJHOBPEMEHHO
orcinexkuBarb 100 Teic.  3BE3x. amymen 7 mapta 2009 ropa.
[InanupoBanoc  oOHapyxuTh  okoso 50 mimaHer,  pa3Mepamu
UICHTUYHBIMM  3emsie, u  mnopsanka 600 mmaner, B 2,2 pasza
npeBoCXo AKX 3eMimo 1o pasmepy. «Kemep» oOparmaercss BOKpYT
ConHua mo opOuTe paguycoM B OJHY aCTPOHOMHYECKYIO €AMHUILY.
PacuérHbiii cpok skcmtyatanuu Obul ompexaeneH B 3,5 rona. Ilo3nnee
O0bUT0 00BsABIICHO O TpoaieHnu muccuu A0 2016 roma, ogHako B Mae
2013 roma Tteneckon Bbimen U3 crpos. K atomy Bpemenu «Kemiep»
JIOCTOBEpHO OTKpbLT 132 »sk30mianeTsl. Teneckonm oOTMe4YaeT enBa
3aMeTHBIE crajabl B OJiecke 3BE3/, BBI3BIBAEMbIC MPOXOJISAIIMMU IEPE.
HUMU TJIaHETaMH.

Ho kak BeImmsinaT oty miuaHetsl? Jlo cux mop M300pa3uTh HUX
NBITATUCh  TOJBKO  XYAOXKHHUKH, OJHAKO Temepp TIpyIna Mof
pykoBosicTBOM npoeccopa Abenst Menaeca u3 Jlaboparopuu nzydeHus
oOutaemoctu MIaHeT B YyHuBepcuteTe Ilyspro-Puko (Teppuropus
ITyapro-Puxo Haxonutcs nox ynpasinenuem CIIA) co3gana mporpamMmy,
KOTOpasi TeHepupyeT (OoTOpeaTuCTUUHBIE HW300paKEHHUS  JAIEKUX
TUTaHeT.

E.Ilporpamma «HayuHblil BU3yaau3aTop dK30IJIaAHET»

IIporpamma «HayuHblii Bu3yanmzaTop SK30IUIaHET» OepéT
NaHHbIE O IUIaHeTe - e€ MacCy, pacCTOSHUE OT 3Be3Abl M Jp. - U
KOMOMHHPYET UX C MPaBIONOTOOHBIMU MPEATMOIOKEHUIMHI 00 OKeaHax,
cyme u armocgepe. KommpioTep MO3BONSIET PEKOHCTPYHPOBATh Kak
IUTAHETHl 3€MHOT0 THUIA W «cyO3emim» enié MEHBLIEro pasMmepa),
COCTOSIIIIE€ B OCHOBHOM U3 TOPHBIX MOPOJ U KUAKOCTU, TaK U ra30BbIC
TUTaHThL, T0100HKBIe FOTHTEpY.

XoTs mporpaMma BOCCO3/1aéT BUJ JIIOOOW TUIAHETHI, B TEPBYIO
ouepeb OHa NIpeJHA3HayeHa JUIsl OTPUCOBKH MHUPOB, KOTOPBIE MOTYT

ObiTb  oOmTaemMbl. Ha  ocHOoBe  93TOM  mporpamMmbl  ObUTH
cMmoenupoBansl Aypeaust u I'oxydas
Jlyna (anr.) Aurelia and Blue Moon) —- rumoreTndyeckue MpUMEPHI

TUTAHETHI U JYHBI, HA KOTOPHIX MOTJIa Obl BOSHUKHYTh BHE3E€MHAs KU3Hb.
IIpoexT sBuicd  pe3yabTaTOM  IUIOJOTBOPHOTO  COTPYJIHHYECTBA
tenexomnanuu Blue Wave Productions Ltd. u rpynmsl amepukaHcKkux u
OpUTAaHCKWX YUYeHBbIX, paboraBmux ™o 3aka3dy National Geographic
Channel. YroObl mpencraBuTh HamboIee BEPOATHBIC YCIOBUS JUIS
BO3HUKHOBEHUSI BHE3EMHOW JKU3HHU, U BO3MOXKHbIE NyTH €€ pa3BUTHS,
y4eHbIE UCIIOJNb30BaTIM KOMOWHAIMIO M3 TEOPUHU aKKpEeLUUu M 3HAHUN U3
00J1aCTH KCEHOOMOJIOTUH U KIIMMAaTOJIOTHH.

IlepBbie  pe3ynpTarbl  paboTBl  OBUIM  TIPEACTABICHBI B
teneBu3noHHON nepemaye Alien Worlds, cocrosimeii u3 nByx yacreid, u
BIIEpBbIC BBIIIEIEH B 3pup Ha OpuranckoMm kanane Channel 4 B 2005
roay.

IlepBass yacTh mepenauu MOCBsIIEHa Aypenuu, BOOOpakaeMoid
3eMJICTIOOOHON  DK30IJIaHETEe, Bpallalomelcs 10 OpOWTe BOKpPYT
KPaCHOIO KapJIMKa, KOTOPBIM HAaXOAUTCSA B HAIICW JIOKAIbHOW 30HE
ranaktuku Mieunbiid IlyTe. ['unorerndeckass Aypenus O4€Hb CHUIIBHO
NoX0)ka Ha oOHapyxeHHbIe dk30rIaneTsl Gliese 581 g u Gliese 581 d.



Bropas wacte mepenaun nmocBsauiaeTcs JyHe, Ha3BaHHOW [ onybas
Jlyna, u Haxonduieicss Ha opOUTE BOKPYT ra3oBOro TMraHTa B CHCTEME
IBOIHOW 3Be3nbl. B cBoro ouepenb, ['omybas JlyHa MoOkeT okazaThCs
MoXoXeH Ha aBe apyrue sk3ortaneTsl — HD 28185 b u 55 Cancri f.
Aypenust

'umorteTndeckoe n3o0paxkeHne Aypennm.
VuéHple co3gayid  MOJJENL OK30IUIAHETHI W OmHcaiad €€

CyIIECTBOBaHUE , HAuMHas OT CTAJUM MPOTOIUIAHETAPHOrO IUCKA, U
3aKaH4MBas €€ OKOHYaTeNbHOI rudenpto. [1o MHEHHIO YUEHBIX MJIaHETa B
nporecc GopMUPOBaHUS BCE K€ CMOTJIa yaepKaTh aTMochepy, XoTs, U ¢
OUeHb HEOOBIYHBIMM, MO 3E€MHBIM Mepkam, pesynbraramu. OHa
MOBEPHYTA K CBOEMY COJIHIY BCETJa OJHOW CTOPOHOW, II03TOMY
MOJIOBUHA Aypenuu Bcerja npedblBaeT B BEYHOM Mpake M HUKOIJA He
BBIXOJUT U3 JIEAHUKOBOIO MEPHOJIa, @ Ha JIPYroi MoJIOBUHE, B TOU 30HE
IUTAHEThI, 4TO oOpallleHa MpsSMO K COJHIYYy, OyHCTBYeT THMTaHTCKHM
HEMPEKPAIIAIOIINIACS yparaH ¢ MOCTOSHHBIMUA OOWJIBHBIMU JHBHSIMU. B
OPOMEXKYTKE MEXKIy OSTUMH JBYyMS 30HAMH M HaXOAWUTCA MECTO,
OTHOCHUTEJIbHO TPUTOAHOE JUTSl )KU3HHU.

YHnoMsHyThI yparaH co3AaéT B MECTHOM OKEaHE OTpPOMHBIE
BOJIHEI B o0uWTaeMoil 30HE IUTaHETHI B TPHOPEKHON 30HE HMeeTcs

XOpOIIIO pa3BUTasl CETh PEUHBIX JENbT M 3a00JOYCHHBIX YYacTKOB, B
CBSI3M C BBINIAJICHUEM JI0KIEH, MPUHOCUMBIX yparaHoM. . B Hux oburaior
0aKTepHH U OJHOKJIIETOUYHBIE BOJIOPOCIIH.

Ha xoHeyHoM »Tame MoaenwpoBaHus Aypenun  ObUTH
MPEANPUHATHL TIOMBITKU CO37aTh (OPMBI KU3HU, OCHOBBIBASCH Ha
3€MHBIX BOJIOLUOHHBIX MOJENSIX U MPUHIUNAX (YHKIHMOHUPOBAHUS U
pa3BuTHs 3KocucTeM. [IpenmonoeHus YYeHbIX BKIIOYAd B ceOs
TEOPUI0O O TOM, YTO JOJTrO€ BpeMs XU3HU KPacHOro KapiuKa JaeT
BO3MOKHOCTb JUISl pa3BUTHSI U ABOJIOLIMOHUPOBAHHUS

YKU3HU B 00Jiee MUPOKUX Mpeieriax, Hexelln Ha 3emie.

XKuznennsle ¢Gopmbl  Aypenuu  pa3sHOOOpa3sHBI U UMEIOT
MHOXECTBO CaMbIX pa3HbIX OCOOCHHOCTEH U TPUCIIOCOOJICHHHA K
MECTHBIM yCJIOBUSAM OOUTAaHUS

[Nony6as Jlyna

lNumoretnaeckoe nzodpaxenue ['omy6oii JIyHBI.

lony6ast Jlyna (anri. Blue MOON) — BBIMBINUICHHBIH CITYTHHK
IJJAHEThI, MPAKTUYECKH ITOJHOCTHIO TOKPBITBIM BOJOM M HMEIOIIMI
OYeHb IUIOTHYIO arMoc(epy, TEOpETHUYECKH IO3BOJISIONIYIO JIeTaTh
CyIllecTBaM pa3MepoM ¢ 3emMHoro kuta. ['omy0as JlyHa, mo MHeHHIO €€
co3jaresiel, cyTHUK MiaHeTsl Tuna KOnurepa, 10CTaTOYHO XOJIOIHOM,
yTOOBI UMETHh B arMochepe moxaeBbie oOmaka. M mimaHera, M CITyTHUK
PaCIIOJIOKEHBI B CUCTEME IBOMHOU 3BE3/IBI.

I'ony6as Jlyna mo pa3mepy nokHa OBITH CpaBHHUMa C 3eMJIeH,
HO, COTJIACHO MOJIEJIH, UMEET aTMoc(hepHOe JaBlieHUEe BTPOE BhIIIE, YEM
3eMHOE.

XapakTepHOil 0COOEHHOCTBIO ATON MOJETUPYEMOI JIyHBI MOXKET
SIBUTHCSI OTCYTCTBUE MOJISIPHBIX JIEASHBIX IIANOK: IUIOTHas atMocdepa u



MOKPBIBAIOIIUI MMOBEPXHOCTh OKEaH MJOJDKHBI YMEHBIIATh KOJeOaHHs
TeMriepaTypbl. M3 KocMoca MOXKHO ObUTO OBl HAOMIOAATh 3€JICHOBATYIO
JBIMKY Ha TIOBEPXHOCTH, CO3aBaEMYI0 OTPOMHBIM YHCJIOM IIABAIOIINX
B BOJIE U JIETAIOLIUX B BO3/IyX€ MOJOTHUII MXOB U BOJOPOCIIEH.

Bonee mioTHas, Hexenu yem Ha 3emuie, aTMocdepa Moria Obl
MO3BOJIATh JIeP)KaThCsid B BO3AyXe OOJee MaCCHUBHBIM CYIIECTBaM.
Hanpumep, MoxHO ObUIO OBl MpEACTaBUTH ceOe «HEOECHOTO KHTa»
(aurm. Skywhales), orpoMHoro KuTOmogOOHOrO OpraHM3Ma, MPEIKU
KOTOPOTO TOKHWHYJIH OKEaH, YTOOBl OCBOHMTH BO3IYIIHBIE MPOCTOPHI.
N306p1TOK  KHCTopoga B arMocdepe, TEOPETHYECKH, NPUBOAUT K
NOBBIIICHUIO CUJIBI MBI, U 3TH CYIIECTBa, C pa3MaxoM KpBLIbEB,
nocturatomuM 10 MeTpoB, BCIO CBOIO KM3Hb TPOBOAAT B BO3IYXE,
NUTAsACh YK€ YMOMSHYTBIMH BBIIIE MXaMH M BojopocisiMu. CTouT
OTMETHUTH, YTO B JAHHOM Cllyyae Mepexo] OT MJIABAIOIINX OPraHU3MOB K
JETAIOUIMM TPOU30IIeN Obl OYeHb pE3KO, B OJMH HBOJIOIHMOHHBIN
CKaYoK.

Bricokoe coaepkanme kuciopona B armocdepe (mo 30 %)
JOJIKHO ObLTO OBl MPUBECTH K YAaCThIM CIIOHTAHHBIM CaMOBO3TOPaHUIM
BO BpeMsl Ipo3. YPOBEHb YIJIEKUCIOrO Traza B 3TOM CiIydae TaKkxke
JOJIKeH OBbITh MOBBILIEH, MprUMepHO B 30 pa3 Mo CpaBHEHUIO C 3€MHBIM,
YTO, B CBOIO O4Y€pe]lb, MOXET NMPHUBECTU K IOBBILICHUIO TEMIIEpaTypbl
BO3J/IyXa M HACHIIICHUIO €r0 BOJSHBIMU IMapamMu (MapHUKOBBIA d(DPeEKT).
Kak u 3emnuas Jlyna, ['omybas JlyHa nomkHa Tak ke HaxoguTcsi B
OpOUTaTFHOM pE30HAHCEe, M BCET/a MOBEPHYTA OJHOW CTOPOHOM K CBOCH
IUTaHETE.

[Tepuon o6pamenust ["omy6oit JIyHBI BOKPYT Ta30BOTO THTaHTA,
[0 JOMNYIIEHUI0O MOJENH, cocTaBiseT 10 CyTOK, M3 KOTOPBIX JYHHBIH
JeHb JJIUTCS 5 CYyTOK, U CTOJIBKO e — JyHHas Houb. [lonrue nHu u
HOYM JIOJDKHBI TEOPETHUYECKM IPHUBECTH K BO3HUKHOBEHMIO CHIIBHBIX
MEXIOIYUIAPHBIX BO3AYIIHBIX MOTOKOB, KOTOpbIE, B JOMOJHEHHE K
IUIOTHOM aTMocdepe M TOBBILIEHHOMY COJEpPKaHUIO KHCIIOpOJa,
CroCOOHBI  OBUTM OBl  MOMOYhL  BO3AYMIHBIM  (OpMaM  KU3HHU
MO/ ICPKUBATH CBOW HENIPEPBIBHBIN MOJIET.

«HeOecHble KUTBI», COTIACHO MOJAENIH, MOTYT CIYXHUTh MUIIEH
JUIS  BBIMBIIIJICHHBIX CYIIECTB, HACEKOMOBHIHBIX «KAITIOIIOHHBIX
oxoTHUKOB» (anri. caped stalkers), MeCTHBIX XHITHHKOB, >KHBYIIHX
KOJIOHUSIMU. Y «KAIIOMIOHHBIX OXOTHHUKOBY», TEOPETUYECKH, OJKHO
UMEThCS YETKOE pasznenenue poneit MEXIy pa3HbIMHU

CTCHIUATM3UPOBAHHBIMU OCOOSIMH, KaK B 3EMHBIX MypaBEHHUKaX HWJIH
ynbsix. Pa3Bemunku, OOHApYKWMBIINE HEOECHBIX KHTOB, MOTJIH OBl
MmoMeuyaTh HMX OCOOBIM 3alaxoM, W BO3BpallaTbcs Ha3aj B THE3JO.
Paboune ocobu, cobuparomuecss B OOJBIION POM, TOCIE HAXOXKICHHS
KHUTa, TTOMEUECHHOTO Pa3BeIYMKAMHM, JOKHBI BBIHYJUTh €r0 CHU3UTHCS,
nocje — yOWUTh W JOCTaBHThH NMUILY B KOJOHHIO. M, HaKOHel, BO TJaBe
KOJIOHHMH JIOJDKHA CTOSATh KOPOJIeBA, OTKIJIA IBIBAIONIAS I, U3 KOTOPBIX
MOSIBIISIIOTCSL HOBBIE «CTalKepb». OOpa3 XKU3HU JAaHHOTO BHIA Oojee
BCEr0 MOXO0K Ha CYIIECTBOBAHME THE3] 3¢MHBIX IIEPITHEH.

B cBor ouepenp, «OXOTHHKH» CaMU JIOJIKHBI SBISITHCS KEPTBOU
s «maroap» (anri. Pagoda), BBIMBIIUIEHHOTO pacTeHHs, YbH BETBU-
IIynaablia TOKPBITHl  MPU3pPaYHBIMU  JIOBUUMH  ceTsimMu.  Korma
«KAIIONIOHHBIA OXOTHHUK» MOMaJaeT B 3TH CETH, Maroja, UCIOIb3ys
BETBU-IIYTAJIbIIA, IOJHAMACT CIIEIEHYTYIO )KEPTBY HaBEpPX, K POTOBOMY
OTBEPCTHUIO, YUTOOBI PACTBOPUTH B KUCIIOTE MPUMUTHBHOTO JKEITYIKA.

«I'uranTckue Bocmaputin» (anri. giant Kites), kak u «HebecHbIe
KHUTBD», MOTJIM OBl TAPUTh HAJI ITOJIOTOM Jieca. BHEIIHEe OHU, IO 3aMBICITY
YYEHBIX, HATOMHUHAIOT MApaIlioT,  MOTYT, TEOPETHYECKH, TOCTUTAThH 5
MeTpoB B quameTpe. CBoeoOpa3HbIe «CTPaxOBOYHBIC (hajbDy MO3BOJISIIH
OBl UM KOHTPOJUPOBATh BBICOTY TOJIETa, a MIyNaiblia, MOXOXKHE Ha
IIynaablia 36MHBIX MEy3 — BBIXBAThIBATh JINYMHOK JKyKOB-BEPTOJIETOB
(aurm. Helibug) w3 Bogel. Ilocieanue BBIMBINIICHHBIE —CO3IaHHUS
MPUMEYATEIbHBI TEM, 4YTO, COTJIACHO 33aJyMKE YYaCTHHUKOB MPOCKTa
«["ony6as JIyHa», IMEIOT TpHIIaTepaIbHYI0 CHMMETPHIO Tejla: TPU HOTH,
TpH TJ1a3a, TP KPbLia, TPU YEITFOCTH, U TPU A3bIKA.

Jo 70 % cymu I'omy6oii JIyHBI TOMKHO OBITH MOKPBITO IBYMS
OCHOBHBIMH TUMIAMHA ~ pacTUTeNbHOCTH —  «[laromocTeHusIMI
(auri. pagoda plants), u «JICPEBBA-BO3IYIIHBIC Iapb»
(aurm. balloon tree). «IlaromocTeHUSIME» MOTYT COEIAMHSATHCS MEXKIY
co00H, 1 3TO TO3BOIIIIO ObI UX 3apOCISAM JIOCTUTATh BHICOTHI Oosee 200
MeTpoB. WX mosble TUCThS MOTIIM Obl COOMpATh OXKAEBYIO BOAY (UTO
SBIISICTCS. OJTHUM W3 BEPOATHBIX MEXaHM3MOB Npucnocobmsemoctu. C
TOYKU 3peHHs (U3MUOJOTHH PACTCHUH IMPEICTABISETCS HEBO3MOXHBIM
JIOCTaBUTh BOJY Ha TaKyl0 BBICOTY C IMOBEPXHOCTH 3E€MJIM JIUIIb CHIOH
ocMmoca).

3akJiiroueHue.

Ecnu Mb1 0 4€M-TO HeE 3HaAEM,



3TO HE 3HAYUT, YTO OHO HE CYILECTBYET.

XOTS HM OJIHa W3 PACCMOTPEHHBIX TEOPUH HE MOMKET MPUBECTH
a0COTFOTHO HEOCIIOPUMBIX JI0Ka3aTeNbCTB CYIICCTBOBAHUS BHE3EMHBIX
dbopM KU3HU, YEIOBEYECTBY M3BECTHBI HECKOJIHKO HAyUHBIX (AaKTOB,
KOCBEHHO 3TO MOATBEPKAAIOIINX:

. Eme B 1976 romy B oOpa3max mOpOJIbI, B3ATOH C
noBepxHocTH Mapca, ObLTM HalJCHBI BEIIECTBA, MOXO0XHE HA OTXOJBI
KU3ZHEJEATENIbHOCTH KUBBIX OpraHu3MoB. [loBTopHble mpoObl He
MOJTBEPANIIN PE3yJIbTar.

. B 1977 romy B VYauepcutere Oraito (Ohio State
University) paguoTeneckon 3apUKCHUpOBall HEONMO3HAHHBIM CHUTHAT M3
co3Be3ausi Crpenbua, misiumidcs 37 cekyHA. VICTOYHMK cuUrHana,
npouienuero yepe3 220 MUIUIMOHOB CBETOBBIX JIET, HEU3BECTEH.

. B 1984 romy B AHTapkTuiae ObLI HaleH METCOPHT,
npuiereBIMid ¢ Mapca, Ha KOTOpPOM OBUIM OOHapyKEHbI CJeJbl
HaHOOakTepuil. BHe3eMHOE TPOUCXOXKICHHE ATUX OaKTEPUM IO CHUX TIOP
I10Jl COMHEHHEM.

. B 2001 romy yuyeHbIMH OBUIO JOIOJHEHO YypaBHEHHE
[peiika, ¢ NOMOIIBIO KOTOPOI'O OIPEAETACTCS KOJIUYECTBO ILIAHET,
NPUTOAHBIX IS ku3HU. OKa3zanoch, UYTO KU3Hb TEOPETHUECKH MOMKET
CYIIIECTBOBATh HA COTHSIX THICSY TIJIAHET.

. B 2002 romy poccuiickue HCCieaoBaTeNn A0Ka3aiH, YTO
MuKkpoObl Deinococcus radiourans CHOCOOHBI BBDKUTH MPU YPOBHE
pamuaruu, 6onee yem B 2000 pa3 mpeBBIIAIONIEM CMEPTEIbHBIN s
yenoBeka. bonee Toro, wuwepe3 50 mOKoNEHMH 3TH  MHUKPOOBI
aJIaNTUPYIOTCS K MATUICCITUKPATHOMY YBEJIMYCHHIO U3ITydYeHUs. Taxxke
OBLIIO JTOKA3aHO, YTO MPU JTOCTATOYHOM KOJIHYECTBE BPEMEHH MHUKPOOBI
E.coli, koTopple HE OTHOCATCS K CBEPXBBIHOCIHUBBIM, TOXKE CIIOCOOHBI
aJaNTUPOBAThCSI K BBICOKOMY YPOBHIO U3IY4YEHHUS. OTO KOCBEHHO
MOJITBEPXKJIAET TEOPUI0 O TOM, 4YTO Ha Mapce MOINIM CyLIeCTBOBATH
JKUBBIC OpPTaHU3MBI.

. B 2002 rogy B atmMocdepe Benepbl ObuH 0OHApY>KEHBI
KapOOHMJIBI — OpPraHMYECKHE COCAMHEHUS, ¢ OONBIIONW BEPOSTHOCTHIO
CBUJICTENLCTBYIONIME O MPUCYTCTBUM MHUKPOOOB WU JIPYTHX >KHUBBIX
OpPTaHU3MOB.

. B 2003 romy ©Ha mnoBepxHocTH EBpormbl, cHyTHHKa
IOnutepa, oOHapy>KeHBI COCTUHEHHUS CEphbl, KOTOPbIE MOTYT OBIThH

clielaMU JKU3HENeATeIbHOCTH OaKTepHid, POJACTBEHHBIX TeM OaKTEpHsIM,
YTO OOUTAIOT BO JIbJJaX AHTApKTH]IBI.

. B 2003 rogy teneckon B IlyapTro-Puko ymoBus1 MOIIHBIN
CUTHAJI U3 00JIaCTH, PACTIONOKEHHONW MeXAy co3Be3ausiMu Peio u OBHa,
/i€ HET 3Be3]1 C IJIaHeTaMU, MOIXOASIIUMHU IS )KU3HU.

[Torck HOBBIX JOKa3aTeNbCTB, CYLIECTBOBAHUS BHE3EMHBIX
UMBWIM3ALUN 1O TMPEKHEMY MPEACTaBISIET OrPOMHBIN HHTEpec i
COBPEMEHHON Hayku. B HaydHOW cpele HE CTUXAlT CHOpPbl O
pPEATbHOCTH  BHE3EMHBIX I[HMBWIM3AIWKA, HO JHUIIb JaJIbHEUIINE
HaOJIIO/IEHUsI U SKCIIEPUMEHTHI IMO3BOJIST BBISICHUThH, CYIIECTBYIOT JIH
rae-HuOy b OOMTaeMble MHUPBI WM MBI OAMHOKH, TIO KpalHel mepe, B
npeaenax Hamen ['anakTuku.

Mo:kHO caesiaTh HeCKOJIbKO BHIBO/JIOB:

1. Tlowck uyxkepomHsix ¢GopM BHE 3eMiId HMEET OO0JbIIOoe
3Ha4YeHUE Ui pa3paboTku (pyHIaMEHTaJIbHBIX NMPOOJIEM, CBSI3aHHBIX C
BBISICHEHHEM MPOUCXOXKICHHS U CYIIIHOCTH KU3HU.

3. B Hacrosimiee BpeMsi MbI 3Ha€M TOJBKO YIJIEPOIUCTYIO PopMy
KHU3HU, U OT HEe Mbl JIOJDKHBI HMCXOJIUTh B CYXACHUAX O APYTUX
BO3MOXHBIX (pOpMax OMOJIOTHYECKON OpraHU3aIIH.

4. Jlromm AOMKHBI OBITh TOTOBBI K BCTPEUYE C BO3MOXKHO
HEOJHO3HAYHOM, HENPEACKA3yeMOM, JOCele HEBHUJIAHHOM IpYyrou
KHU3HBIO, & 3HAYUT U Pa3yMOM.

5. Iloucku %u3HU BHE 3eMIIH SBJISIIOTCS JIHUIIb YACThIO CTOSIIETO
nepea Haykod Oosiee OOIIEro BOMpoca O BO3SHUKHOBEHHH JKU3HH BO
Bcenennoin.

Takum 00pa3om, SIBHBIX MOJATBEPKICHUI TOMY, YTO CYyILIECTBYET
KU3Hb BO BceneHHoW (KkpoMe J>KM3HM Ha 3emiie) HeT, XOTS W
ONPOBEP)KEHU UHOMY TOXE HE HAMICHO.

BuesemHas xu3Hb, 0e3ycloBHO, cymiecTByeT. Cpemu Takoro
OECKOHEYHOI0 MHOKECTBa KOCMHYECKHMX TeNl THe-TO 0053aTeiabHO
JOJKHA TIPUCYTCTBOBATH JKU3HbB, XOTS OBl HA pAHHUX CTAJIUSAX PA3BUTHSL.
Kpome Toro, ¢ Touku 3penusi Teopun [lancnepmuu, Tak Kak *U3Hb Ha
3emito ObUTa 3aHECEHA M3 KOCMOCA, TO JIOTHYHO MPEINOJIOKHUTh, YTO
MMOMHUMO 3eMJIM OHa Oblla 3aHeCeHa W Ha JApyrue IiaHeThl. Hopelmme
JOCTUXKCHHS, OTKPBITHS M TIOMCKH TMPENOCTABISIOT BCE OOJBIIE
JI0Ka3aTeNIbCTB HAIMUMS BHE3EMHOM JKU3HH.



[Monck »xu3Hu Bo BceneHHolt OyneT OynOpakWTh yMBI eIIle
MHOTHX IMOKOJICHUH JIFOJICH, @ KTO 3HAET, MOXKET OBITh U )KHUTEIICH IPYTUX
IJIaHET.
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5. DIJEeKTpOMarHWTHOE W3Jy4YeHHe HEOEeCHBIX Tel. MeToapl ero
U3YUYECHUSI.

6. [Tonsarue 06 actpodoromerpun. [llkana 38é3aHBIX BemuunH. PopMyna
[Torcona.

7. IlpuéMHUKHN U3IIy4eHHUS: a3, (OoTomIacThHKa, (POTOIIEKTpUUECKUE
npubopsl, [13C-marpuib.

8. [Tonsipuzarus cBeTa y4acTKOB Heba.

9. Cnextpanbhblii ananu3. CriekTpaibHast Kiaccuukanus 3BE31.

10. DnexTpoHHBIE TIJIAHETAPUH.

11. Onpenenenue pa3MepoB HEOECHBIX TENl W PACCTOSHUM /0 HUX B
Conneunoi CUCTEME.
12. TlogBuxHas kapTa 3BE3THOTO HeOA.

13. Jlerenasr u Mudnl Ha HEOE.

14. 3Be3iHbIE KapTHl U KOOPAUHATHI.

15. CyTouyHoe IBU)KEHUE CBETHII Ha Pa3InYHbIX MupoTax. Onpenenenue
reorpagpuuecKoi MMUPOTHI IO ACTPOHOMHUYECKUM HAOIIIOICHHSIM.

16. Oxmunruka. Bunumoe nsmxkenne CoHILA.

17. Isuxenue Jlynsl. ConHEUHbIE U TyHHBIE 3aTMEHMUSL.

18. Bpewms u kaneHaaph.

19. CocraB u macmtadbbl COTHEYHOU CUCTEMBI.

20. Kondurypamuu u ycaoBusi BUIAMOCTH TUTAHET.

21. 3akonsl Kemiepa.

22. Onpenenenue pacCTosiHUN U pa3MepoB Tell B COTHEYHOM CHCTEME.
23.]IBmxkeHre HEOCCHBIX TN TOJ JICWCTBHEM CHJ  TSATOTCHHS.
24 KocMmuueckue CKopocTu U (hopma opOuT.

22. IInanera 3emis.

23. JlyHa — ecTeCTBEHHBIN CITyTHUK 3E€MJIH.

24, IInanets! 3emHOM rpynnsl: Mepkypuii, Benepa, Mapc.

25. IInaneTsl — TUTAHTEI.

26. Manbie Ttena ComHEYHOW CHCTEMBI (acTepOUAbl, OOJHUIBI,
METEOPHTHI, KOMEThI, METECOPBI U METCOPHBIC TTOTOKH ).

27. Counnre — Ommkaiiiias 3Be3a.

28. Omnpenenenue pacCTOSIHUHN 10 3BE3/I.

29. Bungumas u abcosmrorHas 3Be31Had BeanunHa. CBETUMOCTD 3BE3I.
I{BeT, crieKTphl U TeMIeparypa 3Be3I.

30. JIBotiHbIE 3B€3/1bI. Macchl 3BE3/I.

31. Pa3meps 3Be31. [110THOCTB WX BemecTBa.

32. Ledennsl. HoBble 1 cBEepXHOBBIE 3BE3/IbI.

33. Baxneiime 3akOHOMEPHOCTH B MUPE 3BE3]1. DBOJIONHS 3BE3/1.
34. Hamra ranakTuka.

35. HNuddys3nas matepus.

36. Jlpyrue 3Be3HbIe CUCTEMBI — TaJTAKTUKH.



3.2 Kputepum onieHMBaHMsl, NpeIHA3HAYEHHBIX ISl
OCYLIEeCTBJIEHUS TEKYIIEro KOHTPOJIst

[IpenmeToM  OLEHKM  CIyXaT  pe3yibTaThl  0OydeHus,
npeaycmotperasile ®I'OC  mo  mucnmmumbae  «MHDOpMaTHnkay,
HalpaBJICHHBIE HA pEAIM3aIMI0 TPOrpaMMbl  00IIero 00pa3oBaHUs.
TexHosorus ONeHKU— NATHOAIbHAS.

Crneuugukanms OeHOYHbIX CPeICTB:

-TectupoBanus

-KapTouku — 3ananus

- KorTponsHbie paboThI

-CamocrosiTenpHast paboTta oOydwaromuxcs — pedeparsl, COOOLICHHUS,

JOKJIaJIbl, TPE3CHTALIUN

Ouenka ycTHbBIX 0TBeTOB 00yuaomuxcs (Kaprouku - 3aganus)

15l YCTHBIX OTBETOB ONpeieSIOTCS ClleVIoue KpUTepHu OlleHOK:

- OlIeHKA «5» BBICTABJISIETCS, €CJIM YUYEHHK:

- TIOJTHO PACKPBUI COJEpKaHUE MaTepuaia B o0beMe, MpelyCMOTPEHHOM
MPOrpaMMOi B YIEOHUKOM;

- U3JI0KUJI MaTepHall TPAMOTHBIM SI3BIKOM B OTIpEAENIEHHOM JOrH4ecKon
MOCJIeIOBATEIbHOCTH, TOYHO  HUCHOJNB3YSd  MaTeMaTHYeCKyl0 U
CHEIHaTM3UPOBAHHYIO TEPMUHOJIOTHIO U CHUMBOJIHKY;

- MPaBWJIHHO BBITIOJTHIII TpaduyecKkoe N300paKeHUE arOPUTMA U UHBIC

YEPTEKU U TPaPUKH, COMYyTCTBYIOIINE OTBETY;

- TOKa3aJl YMEHUE WUIIOCTPUPOBATh TEOPETUUECKUE TOJIOKECHUS
KOHKPETHBIMH TPUMEPAMH, MPUMEHATh X B HOBOW CHUTyalUH MpHU
BBITIOJIHEHUH MPAKTUYECKOTO 3a/IaHNs;

MPOAEMOHCTPHUPOBATT YCBOCHHE PAHEE HM3YUYEHHBIX COMYTCTBYIOIIUX
BOTIPOCOB, C(HOPMHPOBAHHOCTh U YCTOMYMBOCTH HCIOJB3YEMBIX TIPH
OTBETE€ YMEHUH 1 HABBIKOB;

OTBEYAJ CAMOCTOSITEIHPHO 0€3 HABOISAIINX BOIIPOCOB YUUTEIIS.
OLIEHKA «4» BBICTABJISIETCS, €CJIM OTBET UMEET OJUH U3 HEIOCTATKOB:

B U3JIOKEHUHW JIOMYIIEHBI HEOONbIHME MTPOOeNbl, HE WCKA3HBIINE
JIOTUYECKOTO U MH(POPMAITMOHHOTO COJIepKaHUS OTBETA;

HET ONPEACICHHOM JIOTUYECKOW IMOCIEN0BATEIbHOCTH, HETOYHO
HCIIOB3YETCS MaTeMaTHudecKas u CIIelMaIM3UPOBAHHAS
TEPMHUHOJIOTUSI U CUMBOJIUKA;

JNONYIIEHbl OAWH-IBA HEJAOYETa TNPU OCBEIIEHWH OCHOBHOTO
CoJIepaHusl OTBETA, UCIIPABJICHHBIE 110 3aMEUAHUIO YUUTES;

JOMYIIEHbl OmMuOKa Wi OoJjiee JBYX HENOYETOB IPU OCBEIICHUU
BTOPOCTENEHHBIX BOMPOCOB WM B BBIKJIAJIKAX, JIETKO UCIIPABICHHBIE 110
3aMEYaHUIO UJIU BOMIPOCY YUUTEIIA.

OleHKa «3» BBICTABJISIETCS, €CJIH:

HETIOJTHO WJIM HEMOCJEN0BAaTEIbHO PACKPBITO COAEpKaHWE MaTepuaa,
HO TIOKa3aHO 00Ilee MOHMMAaHKUE BOIMPOCA, UMENHCh 3aTPYAHCHUS WA
JOTYIIEHb OMMMOKKH B ONPEACIICHUH TOHSATHH, WCIOJIB30BAHUN
TEPMHHOJIOTHH, 4YepTexaX, OJIOK-CXeM W BBIKJIAJIKaX, HCIpPaBICHHBIC
MOCJI€ HECKOJIbKMX HABOSIIUX BOIIPOCOB YUUTEIIS;

YYEHUK HE CIPABUIICS C MPUMEHEHUEM TEOPUU B HOBOM CUTYallUH MIPHU
BBIIIOJTHEHUM TPAKTUYECKOTO 3aJlaHusi, HO BBINIOJHWI 3aJaHusd
00513aTeNTLHOTO YPOBHSI CJIOKHOCTH TIO TAHHOU TEME,

NPy 3HAHUU TEOPETUUYECKOrO MaTepuasa BBISIBIICHA HEIOCTATOYHAS
c(hOpMUPOBAHHOCTH OCHOBHBIX YMEHUI U HABBIKOB.

OLIEHKA «2» BBICTABJIfAETCS, €CJIM:

HE PacKphITO OCHOBHOE COJIEp)KaHHE yUeOHOT0 MaTepHara;

- 0O0HaApyXEHO HE3HAHWE WJIM HEMOHWMAHHUE YUYCHHUKOM OOJIBIICH WIIH

HanOoJiee BaKHON YacTH yueOHOTO MaTepuana,

- JIOMyIICHBl OIMMOKK B OMPEIEICHUU TOHSATHH, MPHU HCIIOIH30BAHUH

TEPMHHOJIOTHH, B YepTEk,aX, OJIOK-CXeM U WHBIX BBIKJIAJIKaX, KOTOPHIC

HE UCHIPABJIEHBI TOCJIE HECKOJBKHUX HABOISIINX BOMPOCOB YUUTEIIA.



- olleHKa «1» BBICTABJISAETCS, €CJIN:

- YYCHHK OOHAapy>XWJI TIOJJHOE HE3HAHWE M HETIOHMMAaHHE H3y4aeMOro
y4e0HOr0 MaTepualia WM HEe CMOT OTBETUTh HU HA OJUH U3
MTOCTaBJICHHBIX BOITPOCOB 10 U3Yy4aeMOMY MaTepHuay.

Omnenka («5», «4», «3») MOXKET CTaBUTHCS HE TOJHKO 3a €IUHOBpE-
MEHHBIH OTBEeT (KOrJga Ha TPOBEPKY IMOATOTOBKH OO0YYaromerocs
OTBOJUTCSl OMNPENEICHHOE BpeMs), HO M 3a PaCCPEIOTOYCHHBIN BO
BpEMEHH, T. €. 3a CyMMYy OTBETOB, JaHHBIX OOydYarouuMcs Ha
MPOTSKEHUH YPOKa (BBIBOJUTCS MIOYPOYHBIN 0ail), MPU YCIOBHUH, €CIIH B
MPOIIECCE YPOKa HE TOJIBKO 3aCTyIIUBAIMCh OTBETHI 00YYarOIIerocs, HO
U OCYIIECTBIISUIACh TIPOBEpPKAa €ro YMEHUS NPHUMEHATH 3HaHUS Ha
MpaKTHKE.

Kputepun omneHUBaHHS KOHTPOJBHBIX PadoT M NPAKTHYECKHUX

padot

OueHka «5» CTaBUTCS, €CIIU:
paboTa BBITIOTHEHA TIOJTHOCTHIO;
B JIOTHYECKHX PACCYKIEHUSX U 000OCHOBAHHMU PEIICHUS HET MPoOEeIoB U
OIIIMOOK;
B PEIICHHHM HET MAaTeMaTUYECKUX OIIMOOK (BO3MOXKHA OJHA HETOYHOCTb,
OTHMCKa, HE SBISIONIASCSA CIACACTBHEM HE3HAHHWS WM HEIOHMMaHHS
y4eOHOTo MaTepuana).
OueHka «4» CTaBUTCS, €CIIN:
paboTa BBIMOJTHEHA TOJTHOCTHIO, HO OOOCHOBAaHUS IIATOB PEIICHUS
HEJIOCTaTOYHBI (€CITM YMEHHE OOOCHOBBIBATH PACCYKICHHSI HE SBIUIOCH
CHEIHATbHBIM 00BEKTOM IIPOBEPKH);
JIOTyIIIEHa OJTHA OMMUOKA WU JBa-TPU HEAOYETa B BBIKJIAJIKaX, PUCYHKAX,
yepTexkax WM rpadukax (ecnm 3TH BHUABL paboOTHl HE SABISUINCH
CHeIaIbHbIM 00BEKTOM ITPOBEPKH).
Onenka «3» cTaBHTCS, €CIIH:
JOMyIIEHbl 0oJjiee OMHOW OIMMOKK WM Oojiee IBYX-TPEX HEIOYETOB B
BBIKJIQJIKaX, dYepTekax WM Tpadukax, HO y4YalIUiCcsSd BJIaaeeT
00s13aTeIbHBIMU YMEHHSMU TI0 TIPOBEPSEMOI TEME.
Onenka «2» CTaBHUTCH, €CIIH:

JOMYIIEHBbI CYIIECTBEHHBIE ONTMOKH, MOKA3aBIINE, YTO yYAIIUUCS HE
BIIaJIeET

00s13aTeIbHBIMU YMEHHSMH TI0 TAaHHOW TeME B TTOJTHOW Mepe

OO01asi oeHKa TeCTOBBIX 3aJaHUil
Onenka «5» (otnn4Ho) — 90% nmpaBHIIbHBIX OTBETOB

Onenka «4» (xopoio) — 80% HpaBUIbHBIX OTBETOB
Onenka «3» (ynoBieTBoputenbHO) — 70% MpaBUIbHBIX OTBETOB
OneHka «2» (HeyA0BIETBOPUTENBHO) - 69% MpaBUIIbHBIX OTBETOB

OueHka yCTHOIO BBICTYIIEHH S (COOOIIEHUs)

I Onenka coneprxkareabHON CTOPOHBI BHICTYTUICHHS: - 5 OAJIIOB.
[ToHpaBuIOCH JIU BHICTYIUICHHE.

COOTBETCTBYET JI OHO 3asIBICHHOU TEME.

WHTepecHO BBICTYIUIEHNE U HE CIMILKOM JIM OHO JUIMHHOE.
Y CcTaHOBJIEH 1M KOHTAKT C ayAUTOPHUEH.

IIponymMaH nu 1utaH.

Bech 11 Matepuan OTHOCUTCS K TEME.

[Ipumepsl, cTaTuCTHKA.

Hcnonp3yroTces 1 HarisgHble CPECTBA.

dopMyIMpOBKA 33124 WA MPU3BIB K JICUCTBUIO.

10 B1OXHOBWMIIO M BBICTYIIJICHUE CITYIIATEIICH.

II Onenka KyJbTypbl peun BBICTYIAIOMIETO. - 3 Oasia.

1. CootBeTcTBYET /i peyb HOPMaM COBPEMEHHOTO PYCCKOIO S3bIKA.
2. Kaxkue ommOku ObUTH AOIYIIEHBI.

3. MoxHO 1 peub 0XapakTepHU30BaTh Kak SICHYI0, TOUHYIO, KPaTKyIo,
ooraryro.

III Ouenka opaTopckoit MaHEPHI BBICTYIUICHHUS.- 2 Oajia.
Manepa aepkarbes

KecTpl, MUMHKA.

KoHTakt ¢ aynutopueil.

3By4aHue royuoca, TOH rojoca.

Tewmm peun.

Homenaﬁm BBICTYIAIOLIEMY.

MaxkcumyM 3a BeICTyIuIeHue - 10 Ganos.

«5» (oTM4HO)- 10 9 GaToB

«4» (xoporio)- 1o 7 6amioB

«3» (YIOBIETBOPUTEIHHO)- 10 5 OaJIJIOB

«2» (HEeyIOBJIETBOPUTEIHHO)- MeHee 5 0allIoB

Kpurepun ouieHKH J10KJIA/10B

CoNo~WNE

SAE I

Ne | OuenuBaeMsble mapameTpsl Onenka
n/n B Oajuiax

1 KauecTBo mokmazna:
- MTPOU3BOJIUT

BbIJAOIICCCA BIICUYATJICHHUC, 3




COMPOBOXKIACTCS HILTIOCTPATUBHBIM MaTEPUATIOM; 2
- YETKO BBICTPOEH; 1
- paccka3bIBaeTCs, HO HE OOBSICHAETCS CYTh PabOTHI; 0
- 3aYUTHIBACTCS

2 Hcnonp3oBanne 1EMOHCTPAIIMOHHOTO MaTepraa: 2
- aBTOp IPEJCTaBUJI JIEMOHCTPAllMOHHBIA MaTepuan u | 1
MIPEKPACHO B HEM OPHUEHTHUPOBAJICS; 0
- HCIIONB30BAICA B JIOKJIANE, XOPOIIO OpOpMIICH, HO
€CTh HETOYHOCTH;
- NPEACTABICHHBIM JEMOHCTPALlMOHHBI MaTepuanl He
WCIIONB30BAJICS JOKJIQAUYUKOM WiIH Obul odopmieH
IJI0X0, HETPaMOTHO.

3 KadecTBo 0TBETOB Ha BOIIPOCHI: 3
- OTBEYAET Ha BOIIPOCHI; 2
- HE MOXET OTBETUTH Ha OOJIBITMHCTBO BOIPOCOB; 1
- HE MOJKET YE€TKO OTBETUThH Ha BOMPOCHI.

4 Bianenve Hay4HBIM U CTIEIMATIBHBIM alliapaToM: 3
- MOKA3aHO BJIA/ICHUE CTICIIHATLHBIM alapaToMm; 2
- WCHOJIb30BaHBI OOICHAy4YHbIE U croenuaibHbie | 1
TEPMUHBL;
- IOKAa3aHo BJaJIcHUE 0a30BBIM aIlIapaToM.

5 YeTKOCTh BEIBOJIOB: 3
- TIOJTHOCTBIO XapaKTEPHU3yIOT PaboTy; 2
- HEYETKU; 1
- IMEIOTCS, HO HE JOKa3aHEI.
HToro MakcuMaiabHOE KOJIUIECTBO OAJIJIOB: 14

Ortenka «5» - orll no 14 6ayuios

Orenka «4»- ot 8 mo 10 6amnoB

Ouenka «3» - oT 4110 7 6aJUI0OB

[Ipun konmuvecTtBe OamwioB MeHee 4 — PEKOMEHJIOBATh OOYYAIOUTUMCS
JOTIOTHUTEIBHO MOpadoTaTh HAJl JAHHBIM JOKJIAI0M




4. CoOironenune
TpeOoBaHU K
opopmienno Makc.
- 15 6annos

- nOpaBuibHOE  O(OpMIIEHHE  CCBUIOK  Ha
UCIIOJIb3YEMYIO JIUTEPATYPY;

- [PaMOTHOCTb U KYJIbTypa U3JI0KEHUS;

- BJQJICHUE TEPMHUHOJOTHEN U NOHATUUHBIM
arnmapaToM MpoOJIeMBbI;

- coOmoieHne TpeboBaHuit K 00beMy pedepara;

- KyJIbTypa oopmiIeHUS: BbIICIICHUE a03a1leB.

Kputepun u mnoka3aTteiqd, HCHOJb3yeMble TP OIEHHUBAHUU
yueOHoro pegepara
Kpurepun [Tokazarenu
1.HoBu3Ha - aKTyaJIbHOCTb MPOOJIEMBI I TEMBI;
pedepupoBaHHOTO - HOBH3HA U CaMOCTOSTEIBbHOCTh B IOCTAaHOBKE
TEeKCTa poOJieMbl, B GOPMYTHPOBAaHUH HOBOTO acCIleKTa
Makc. - 20 6amioB BBIOpPAHHOM ISl aHATIN3a IPOOJIEMBL;
- HaJIn4ue aBTOPCKOM TIO3HIINH,
CaMOCTOSATENbHOCTD CYKJICHUM.
2. Cremnensb | - COOTBETCTBHE IJIaHA TeMe pedepara;
pacKpbITHUs - COOTBETCTBHE COJIEpXKAHUA TEeMe U IUIaHy
CYIIHOCTH pedepara;

poOIIeMbI
Makc. - 30 6am10B

- TOJIHOTa W TIyOMHAa pPACKPBITUS OCHOBHBIX
MOHSATHN TTPOOIIEMBI;

- 000CHOBAaHHOCThH CIOCOOOB M METOJIOB PabOTHI
C MaTepHaJIoM;

- ymeHue  paboTtatb ¢  JUTEpaTypoii,
CHCTEeMaTH3HPOBAThH " CTPYKTYpPHPOBAThH
MaTepHal;

- yMeHHE 0000I1aTh, COMOCTABISATh Pa3INYHBIC
TOYKH 3pEHUsS MO0 paccMaTPUBAEMOMY BOIIPOCY,
apryMEHTHPOBaTh OCHOBHBIC TIIOJIOKEHUS U
BBIBO/JBI.

5. I'paMoTHOCTB
Makec. - 15 6anos

- OTCYTCTBHE opdorpaduyeckux U
CHUHTAKCUYECKMX  OLIMOOK,  CTHJIMCTHYECKUX
[IOTPELIHOCTEH;

- OTCYTCTBHE OII€YaTOK,
KpOMe OOIEIPUHSATHIX;
- JIATEPATYPHBIN CTUJIb.

COKpAILIEHUI  CJIOB,

3. OOOCHOBaHHOCTH
BbIOOpA HCTOYHHKOB
Makc. - 20 0am1oB

- KpYT, MOJIHOTA WCIIONB30BaHUS JINTEPATYPHBIX
HCTOYHUKOB TIO MTpo0IIeMe;

- MPUBJICYCHUE HOBEUIIUX pabOT MO mpodiieme
(>KypHaJIbHBIC nyOJIMKauy, MaTepHaIbl
COOpPHUKOB HAYYHBIX TPY/JOB U T.1I.).

OuennBanue pedepara
Pedepar omenuBaercs mo 100 OamnpHOW ImKane, Oaibl
MEPEBOJISATCS B OLIEHKH YCIIEBAEMOCTH CIIEIYIOIUM 00pa3om:
* 86 — 100 6amIoB — OLIEHKA «5%»;
¢ 70 — 75 OamnoB — orieHKa «4»;
* 51 — 69 0amnoB — orcHKA «3»;
* MeHee 51 Oaiuia — olleHKa «2».
Kputepyun u mnoka3zareiqu, HCHOJb3yeMble TPH OIEHHMBAHUHU
npe3eHTANNHU
Kpurepun 5 4 3
Pemenue npobnem | ChopmupoBana OrcytctByeT | OTCYTCTBYIO
npobiieMa, cucremMa T CBEJCHHUS O
MIPOAHAIU3UPOBAH | OMHCAHUS uccienryeMon
bl €€ IPUYHUHBL | OCHOBHOM TeME.
[Tpoananu3upoBaH | AeSTEIBHOCTH
Bl pPE3YyJBTATHl C
MO3UIIEN Ha
Oynmymiee.
Peanuzanms 3amau | [TocTaBieHsl OrcyrcrByetr | Pa3po3HeHH
OCHOBHOU 3agaur. YeTko M | cucrema B | bI€ CBEICHUS




JEeSITEIIbBHOCTH MO3TaITHO ONMCAaHUU 0
PACKpBITHl 3a/1audl | TEMBbI NESTENBHOCT
o U3YYEHHUIO | HCCIEOBAaHU | H.
UCCIIEeNyEeMO s,
TEMBIL.
WNnmoctpuposann | Mmroctpauyuu IToBTOpsieT Nnmroctpanu
bl MaTepuan COOTBETCTBYIOT nHpopManuo | it Mao.
COJIEP/KaHUIO, 0 TEME.
JIOTIOJTHSIET
uHpOpMaLIUIO O
TemMe
MCCJIEIOBAHMUSI
BriBoabl Jlornynsl, B ocHoBHOM | OTCYTCTBYIO
MHTEPECHBI, COOTBETCTBY | T WIH HeE
000CHOBaHBI, 0T 1edd U | CBSA3aHbl ¢
COOTBETCTBYIOT 3a/a4am. LETIBI0 u
LEJSIM U 3a/1a4aM. 3aJla4yaMu
cam
pe3ynbTar
paloTHI.
OpuruHanpHOCTh ¥ | Pabota nenoctHa | Jloruka B pabore
JIOTUYHOCTh u JIOTUYHA, | U3JI0KEHUS OTCYTCTBYIOT
MOCTPOCHUS OpUTHHAJIbHA. HapylIeHa. COOCTBEHHBIE
paboThI MBICJIH.
O6mee Odopmnenue Cruib Her enunoro
BIICYaTIIeHHe 00 | JIOTWYHO, OTBJIEKAET OT | CTHJIS.
oopmiieHnn 3CTETUYHO, HE | CoJlepKaHus,
IIpe3EHTALUN IPOTUBOPEUUT IIpE3EHTALNH.
COJIEp’KaHUIO0
Ipe3eHTaLHH.

®opmMa HTOTOBOI0 KOHTPOJIA

HUroroBas arrecramus 1o gucouniamae OVY/.08
COTJIaCHO YUeOHOMY IIIaHy siBisieTcs: AudGepeHInpoOBaHHbIN 3a4ET.

Dopma auddepeHIMPOBAHHOIO 3a4€Ta: YCTHBIN OIPOC.

«ACTpOHOMUS

CTpykTypa Omjera, BBIHOCMMOro0 Ha 3a4yér: Owmwier comepxkuT 1
BOIIPOC.

Kpurepun 1 HOpMbI OLIEHKH 32 YCTHbIH OTBET:

OueHka «OTJIMYHO» CTaBUTCS, €CIU CTYJEHT IOKa3ajl IMOJHbIN
00beM, BBICOKMH YpPOBEHb M KaueCTBO 3HAHMU MO JAHHBIM BOIIPOCAM,
BJIaJIeeT KyJbTypoHl OOIIEHHS] M HaBBIKAMU HAyYHOTO W3JI0KEHUS
MaTepuasa, yCTaHaBIMBAET CBSI3b MEXKIY TEOPETHUUECKUMHU 3HAHUSIMHU U
crocobaMy TMPaKTUYECKOW JEATEIbHOCTU: SICHO, TOYHO U JIOTUYHO
OTBEYAET Ha 33JJaHHBIE BOIIPOCHI.

Onenka «X0poLIO» CTaBUTCA, €CIU CTYIEHT JIOTUYHO U HAy4YHO
U3JIOKWJ ~ Marepual, HO  HEJOCTaTOYHO  IIOJIHO  OIpPEAENseT
MIPAKTUYECKYI0 3HAYMMOCTh TEOPETHYECKUX 3HAHWW: HE BBICKA3bIBAECT
CBOEHM TOUKM 3pEHUS MO0 JaHHOMY BOINPOCY, HE CMOT JaTh JOCTaTOYHO
ITOJIHOTO OTBETA HA MTOCTaBJIEHHBIE BOIIPOCHI.

OneHka «yAOBJICTBOPHTEJIBHO» CTAaBUTCSA, €CIU CTYIEHT IIpU
PacKpBITUU BOMpOCa JOMYCTUJ COJEprKaTellbHbIe OIIMOKH, HE COOTHEC
TEOpPETUYECKHE 3HAHUA U COOCTBEHHYIO NMPAKTHUYECKYIO JEATEIBHOCTS,
WCIBITHIBACT 3aTPYAHECHUS IIPU OTBETE HA OOJBIIMHCTBO BOPOCOB.

OuneHka «HeyIOBJIETBOPUTENbHO» CTaBUTCS, €CIH CTYIEHT
MoKazaj cjabble TEOPEeTUYECKHME M MPaKTUYECKHE 3HAHUSA, JOMYCTHI
rpyOble OmHMOKM TpPU PACKPBHITUM BONpPOCA, HE CMOI OTBETUTh Ha
3a/IaHHBIE BOIIPOCHI.

Ilepeyenb Bonpocos 11 Au¢¢epeHIMPOBAHHOIO 324€Ta 110
AUCHHUIINHE «ACTPOHOMHS»

1. 3BE31HBIE KApPThI U KOOPIUHATHI.

2. CyTOo4HO€E IBUKEHUE CBETUJI HAa Pa3IMYHbIX IIMPOTAX.

4.0npenenenue reorpadUuecKOr MUAPOTHI IO ACTPOHOMUYECKUM
HAOIIOICHUSIM.

3. Dxnuntuka. Buanmoe nemxenne CoiHIa.

5. ABmxenue JIyHbl. ConHEUHBIE U JTyHHBIE 3aTMEHUS.

6. BpeMms u kaneHaape.

7. CoctaB u maciTabbl COTHEYHON CUCTEMBI.

8. Konduryparuu u ycaoBusi BUIUMOCTH TUTAHET.



9. 3axons! Kemepa.

10. Onpenenenue paccTossHUM W pa3MepoB Ten B CoiHEUHOH
CUCTEME.

11. [IBmkeHue HEOCCHBIX TeJI TOA JICHCTBHEM CHII TSITOTCHHSI.
Kocmuueckue ckopoct u gopma opout. BosmyuieHus B JBUIKECHUU
maHeT. [IpunuBel. OnpeneneHne Macc HEOECHBIX TEl.

12. HccnenoBanue 3IEKTPOMArHUTHOTO H3JIYYCHUS HEOECHBIX
ten. OrmpeneneHue (QUINYECKUX CBONCTB M CKOPOCTH JBUKEHUS
HEOECHBIX TEJ MO UX CIEKTPAM.

13. OO6mue XapaKTEPUCTUKHU TJIAHET. dusnyeckas
00yCIIOBICHHOCTD UX puposl. 14. Ilnanera 3emis.

15. JIyHa — eCTeCTBEHHBIN CITyTHUK 3E€MJIU.

16. Ilnanets! 3eMHOM rpynnsl: Mepkypuii, Benepa. Mapc.

17. IlimaneTsl — TUTaHTHI.

18. Manpie Tena ConmHEYHOH cHUCTEMBI (acTepoHIIbl, OOIHIBI,
METEOPHUTHI, KOMETHI, METEOPbI U METEOPHBIE TOTOKH).

19. ConHue — Omkaitast 3Be3/a.

20. OnpeneneHue pacCTOSHUMN 10 3BE3.

21. Bugumag u abcomroTHas 3BE3qHas BelnynHa. CBETHUMOCTH
3BE3. LIBeT, CrieKTphl U TemMIiepaTypa 3BE3/I.

22. JIBoitHbIe 3Be311bl. Macchl 3BE3 .

23. Pazmepsl 3B€31. [110THOCTH X BellecTBa.

24. ledeunnpl. HoBble 1 cBEpXHOBBIE 3BE3/IbI.

25. Baxneive 3aKOHOMEPHOCTH B MHUPE 3BE3I. DBOIIOLMS

3BE3 L.
26. Hama ["anakTuka.
JluTeparypa 15 00y4YarOmuxcs:

OcHoBHas:

1. AcTtpoHOMUS: yueOHUK s mpod. oOpa3oBaT. OpraHu3alui /
[E.B. AnekceeBa, II.M. Cksopuo, T.C. ®emenko, JILA.
IllecrakoBa], mnoxy penakumedr T.C  demenko. - M.:

N3 parenbckuii neHTp «Axagemusi», 2019 — 256¢
JlomomHUTEIHbHBIC UCTOYHUKU:
1. Actporomusi. bazoBwiii ypoBenb. 11 kmacc: yueOnmk / B.A.
Boponuos-Benssamunos, E.K.CtpayTr. — 5-¢ uzn., nepecMotp. —
M.: Ipoda, 2018. — 238, [2] c.: ui., 8 1. 1B. BKIL.

HNuTepHeT-pecypcebl:

2.

3

www.fcior.edu.ru - WuadpopMalmoHHbIE, TPECHUPOBOYHBIC U
KOHTPOJIbHBIC MATEPHAIBI.

www.school-collection.edu.ru — Exunas KouteKuuu upoBbIX
00pa30BaTENbHBIX PECYPCOB.



http://www.fcior.edu.ru/
http://www.school-collection.edu.ru/
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